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FOREWORD

This document contains the Task Summary Report concerning the

results of a study of Scientific Mission Support for Extended Lunar Explora-

tion. The study was performed by the Space and Information Systems Division

of North American Aviation, Inc. for the George C. Marshall Space Flight

Center of the National Aeronautics and Space Administration under Contract
NAS8-20258.

The study was performed under the technical direction of Dr. N.C.

Costes of the Research Projects Laboratory of NASA-MSFC, during a

7-1/Z-rnonth period beginning 13 December 1965. The general guidelines

of the study were stipulated in DCN I-5-21-00019 (IF).

The complete results of the study are presented in the following
volume s:

Volume 1 - Condensed Summary Report

Volume 2 - Task Summary Report

Volume 3 - Detailed Technical Report

Volume 4 - Appendix A,

Volume 5 - Appendix B,

Volume 6 - Appendix C,

Experiment Sequences - Computer Printouts

Master Data Report - Computer Printouts

Computer Program

- iii -
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GLOSSARY OF TERMS

AAP

ALSEP

Apollo

Bey

COBOL

Discipline Area

ESS

Experiment

Apollo Applications Program (formerly AES, Apollo

Extension Systems)--A concept for continuing the

exploration of the Moon and near-Earth space through

maximum utilization of existing Apollo hardware.

Apollo Lunar Surface Experiment Package--A package

of geophysical instruments to be carried on early

Apollo manned lunar flights which will be emplaced by

the astronauts on the lunar surface and left there to

record and transmit to Earth lunar geophysical data

for periods up to one year.

The total system for accomplishing the initial manned

lunar landing.

One billion electron-volts.

A computer language or technique commonly used to

encode business computer programs usually related

to financial data.

A principal division of science or engineering. The

SMS-ELE Discipline areas are:

(0) Lunar Atmospheres (7) Astronomy

(i) Geodesy (8) Mission Support

(Z) Geology Investigations

(3) Geochemistry (9) Miscellaneous

(4) Geophysics Basic and Applied

(5) Particles and Fields Research

(6) Biology

Emplaced Scientific Station--A geophysical observatory

containing a complex of instruments similar to the

ALSEP but of larger size.

A series of measurements or observations intended to

yield specific information required to accomplish part

of an investigation. An experiment may have one or

- xi -
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GSFC

Investigation

LEM

LEM-SHELTER -

LEM-TAXI

LEM-TRUCK

LESA

LSSM

more replications; e.g., (i) measurement of material

density; (2) observation of petrologic character; e.g.,

crystalline, amorphous, sedimentary, igneous,

metamorphic, etc.

NASA Goddard Space Flight Center

An exercise involving a group of closely related

experiments performed concurrently and/or sequentially

with the intent of acquiring a specified amount of a

particular kind of information within a technical area.

Example: (1) determination of the number and relative

amounts of different minerals in a given area; (2)

photographic survey of the lunar equatorial region with

a specified degree of optical resolution. An investigation

can consist of one experiment only, in which case, the

terms "experiment" and "investigation" are synonymous.

Lunar Excursion Module of the Apollo

A LEM modified to permit lunar landing and up to a

three-month quiescent lunar surface storage, followed

by a two-week manned occupancy as a lunar base and

laboratory.

A LEM modified to permit up to a two-week unmanned

storage on the lunar surface after landing by crew

adjacent to the LEM-SHELTER and prior to return to

Earth.

A LEM descent stage modified to operate as an unmanned

payload carrier. Reaction control systems must be added

to permit this flight profile. Such a logistics carrier

could deliver as much as i0,000 pounds of payload to the

lunar surface using the basic Apollo mission profile.

Lunar Exploration System for Apollo--A post-Apollo

modular lunar base concept accommodating from 3 to

18 men, with lunar surface stay-time capabilities

ranging from three months to more than two years.

Local Scientific Survey Module--A short-range (action

radius 8 to I0 kilometers, maximum range of single

traverse 25 kilometers), open-cabin surface vehicle,

carrying one or two astronauts and containing neither

- xii -
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Mev

MIMOSA

MHz

MOLAB

MSC

MSFC

NAA

NAS

OART

OCE

OMSF

O SA

RTG

S&ID

SMS-ELE

USGS

environmental control nor life support systems.

Portable backpacks are the sole provision for life

support with this mobility.

One million electron-volts

- Mission Modes and System Analysis for Lunar Explor-

ation--MSFC Study Contract NAS8-20262 with Lockheed

Missiles and Space Company

- Megahertz (I million cycles per second)

- A concept for a long-range mobile laboratory. The con-

cept was initially associated with the Apollo Logistics

Support System concept.

- NASA Manned Spacecraft Center, Houston, Texas

- NASA Marshall Space Flight Center, Huntsville, Alabama

- North American Aviation, Inc.

- National Academy of Sciences

- NASA Office of Advanced Research and Technology

- Office of the Chief of Engineers, Department of the

Army

- NASA Office of Manned Space Flight

- NASA Office of Space Sciences and Applications

- Radioisotope Thermoelectric Generator - energy

sources connected with the ALSEP and ESS.

- Space and Information Systems Division of North

American Aviation, Inc.

- A study of Scientific Mission Support for Extended

Lunar Exploration (this study)

- United States Geological Survey

- xiii -
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1.0 INTRODUCTION

I.i BACKGROUND

This report presents the results of a study conducted to define the

probable extent of scientific investigations to be accomplished in extended

lunar exploration and to provide an estimate of experimental systems and

operational requirements for typi_cal lunar programs.

The Apollo Program has the immediate objective of landing two men

on the lunar surface and returningthem safelytoEarth. With this operational

capability approaching reality, one of NASA's major tasks is the determina-

tion of the most satisfactory use of this operational capability or some

combination of its elements. Because of the long lead times associated with

upgrading capability or modifying existing space systems, or with the develop-

ment of advanced systems, it is important at this time to study various

scientific missions and the associated support requirements.

The Scientific Mission Support Study for Extended Lunar Exploration

is a second-generation study that builds on the results of previous first-

generation studies that examined potential missions for specific system

concepts such as the LEM/SHELTER-LEM/TAXI, the ALSS-MOLAB, and

LESA. This study differs from the preceding studies in that it is not subject

to the restraints of a single candidate system; however, the general system

and subsystem capabilities anticipated for the applicable phase of lunar

exploration are considered.

I. 2 STUDY OBJECTIVE

The primary objective of this study is to provide an estimate of experi-

mental systems and operational requirements for typical lunar scientific

programs to establish scientific mission requirements to influence the

definition of future lunar exploration systems. These systems and opera-

tional requirements, imposed by the science program on the lunar mission

equipment, represent a vital input to the study of systems requirements for

an evolutionary program of lunar exploration.

The results of this study provide information to be used for the Mission

Modes and Systems Analysis for Lunar Exploration (MIMOSA), a study cur-

rently being performed by Lockheed Missiles and Space Company under

Contract NAS8-20262, and for other NASA studies of systems for lunar

exploration.

- l-

SID 66-957-2



NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

i. 3 STUDY GUIDELINES

The initial guidelines provided by NASA for the study were as follows:

• Scientific guidelines should be derived from the report of a study

conducted by the Space Science Board, entitled "Space Research--

Directions for the Future" and from the report of the NASA 1965

Summer Conference on Lunar Exploration and Science (Refer-

ences I and 2). Fundamental experiments should be compiled

from References 1 and 2 and other NASA source documentation.

The results of previous scientific mission support studies relating

to single-point candidate systems for extended lunar exploration

that are pertinent to the expanded scope of this study should be

used.

. Scientific mission definition should not be tailored to constraints

imposed by a specified transportation mode for a particular period;

nor should they be restricted to missions associated with specific

lunar base candidate systems.

1 Some understanding of the practical limits and general utility of

the proposed AAP effort should be acquired to assess the extent

that the early effort of lunar exploration can influence the later

phases of the program•

1 An assessment of the penalty to the scientific effort by the lack of

adequate personnel mobility should be made.

o A reasonable effort should be made to understand and to factor

into this study the relationship between scientific exploration

growth and the possible growth patterns and development modes

that will comprise the personnel and logistics transportation and

the lunar base system capability.

. The study results should serve as an input to the concurrent

Mission Modes and System Analysis Study (Reference 4).

Other guidelines evolved throughout the study as a result of coordination

with NASA personnel and the MIMOSA contract. The most significant action

items resulting from these directives were:

i • Key data cards from the NAA experiment data management systems

were used as direct input cards to the Lockheed MIMOSA computer

program, as a source of data on scientific experiments, their

support requirements, and their required instrumentation and

e quiprn ent.

- 2 -
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Applicable inputs in the geosciences area from the Bendix Systems

Division, the subcontractor to Lockheed and responsible for certain

MIMOSA scientific activities, were incorporated to the maximum

extent possible.

1.4 APPROACH

To facilitate exchange of information between this study and the

Lockheed MIMOSA Study, this study effort was organized into two phases.

During Phase I, source documents (see Section 8.0, Volume 3) were screened

for identification of potential experiments. Typical source documents con-

sisted of NASA contractor reports, conference proceedings, scientific

subgroup meetings, and NASA in-house study reports. NASA-supplied

scientific objectives and guidelines were used as selection criteria. Key

guidelines documents included "Space Research--Directions for the Future,"

(Reference l) a report of a study by the Space Science Board of the National

Academy of Sciences conducted at Woods Hole, Massachusetts, during the

summer of 1965, and the proceedings of the NASA 1965 Summer Conference

on Lunar Exploration and Science (Reference 2). These documents were

also used as sources for experiments and investigations.

The initial review of source documents and guidelines was translated

into scientific goals or objectives, experiments, and operational support

requirements. It also resulted in equipment parameter definition and

supported the identification of some mission support experiments and

experiments of a basic and applied research nature.

Potential experiments were initially listed from approximately

90 documents supplied by NASA. This initial listing produced approximately

660 experiments. Since these experiments came from many separate docu-

ments, it was inevitable that there would be duplications and redundancies.

Duplicate experiments were removed, and overlapping experiments were

combined by expanding the scope of one experiment so that, with minor

redefinition, it could accomplish the aims of two or three experiments.

These redundancy checks, commonality identifications, and revisions following

the mid-term review resulted in a total of 340 experiments. In the future,

the number of experiments will probably be altered as additional knowledge

concerning the Moon and system support capabilities becomes available.

The experiments, arranged by scientific discipline area, were sub-

mitted to NASA for analysis and review by NASA and by selected scientific

and engineering groups. Figure 1 shows the review process and the review-

ing agencies and groups. The results and comments of this review were

factored into the final data presentation by NAA through the Marshall Space

Flight Center. With the information gained from the activities previously

-3-
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delineated and from NAA experience in lunar scientific and operational

studies, a data-handling procedure was developed that evolved into an

experiment data management system (Figure 2).

Figure 2 also illustrates the generation of the master experiment list,

the subsystem support requirements, equipment performance requirements,

and the mission support requirements as a second-level effort, with its gradual

evolution into the experiment cataloging act[vit]L which consists of the formu-

lation of various sequences. The second-level effort essentially completed

Phase I activities, although continuous experiment updating was performed

throughout Phase 2 as more information became available.

Phase 2 activity was concerned with formulating experiment sequences

to identify logical exploration phases and the interdisciplinary relationships

of experiments, based on experiment support requirements. Implications of

mobility, both short- and long-range, were investigated and related to the

predicted lunar astronaut capability, based on data presently available.

System/subsystem unique requirements were studied for transport and

emplacement of special large scientific facilities, and the requirements of

the lunar scientific program for qualified scientific personnel were assessed.

_
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2.0 SUMMARY OF RESULTS

2. 1 EXPERIMENT ORGANIZATION

The experiments were organized into three main categories: Funda-

mental Investigations, Mission Support Investigations, and Miscellaneous

Basic and Applied Research.

For the purposes of this study Fundamental Investigations include

experiments to be conducted on the lunar surface and from lunar orbit to

provide scientific data for answering fundamental questions regarding the

history, origin, environment, and properties of the Moon and the universe.

Mission Support Investigations include experiments that (a) contribute

to the effectiveness and aid the planning and sequencing of Fundamental

Investigations by providing essential engineering information relating to the

lunar environmental conditions; (b) provide technological data for upgrading

engineering systems and subsystems and optimizing operations performed

in the lunar environment; and (c) are designed to assess the feasibility of

lunar resources.

Miscellaneous Basic and Applied Research includes research activities

performed during lunar operations that are not directly oriented to answering

fundamental questions but take advantage of the lunar environment to extend

basic and applied scientific knowledge.

The Fundamental Investigations were organized into eight scientific

discipline areas as follows:

Area

0

1

2

3

4

5

6

7

Title

Lunar Atmosphere s

Ge ode s y

Geology

Geochemistry

Geophysic s

Particles and Fields

Biology

A str onomy

- 7-
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The two other categories were identified respectively Discipline

Areas 8 and 9:

Area Title

8

9

Mission Support Inve stigations

Miscellaneous Basic and Applied Research

Experiments under the category "Fundamental Investigations" were

compiled from NASA source documentation. Experiments included in the

categories "Mission Support Investigations" and "Miscellaneous Basic and

Applied Research" experiments were mainly defined by NAA.

2. 2 STUDY TASKS

The following general study tasks were accomplished:

I. A typical spectrum of Fundamental Investigations was extracted by

reviewing existing suggested experiments and investigations and

analyzing presently approved programs.

: Mission Support and Miscellaneous Basic and Applied Research

experiments were identified to ensure a more complete

assessment of the total experiment support requirements.

. Equipment, personnel, and operational requirements were

identified for each experiment or investigation.

. A study was made of system/subsystem requirements associated

with astronaut suit technology, mobility, and special large

observatories.

. An experiment data management system was developed that allows

rapid retrieval of data pertinent to experiment definition and

associated support requirements.

, Within each scientific discipline the fundamental experiments

were ordered:

a. In terms of logical scientific accomplishment.

b. By ascending mission support requirements.

C. In exploration phase sequences to identify logical phases o_

lunar exploration.

. Composite Sequences, across scientific disciplines, were formu-

lated for each exploration phase identified in item 6c above.

-8-
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. Program planning contingencies associated with possible changes

in certain facets of current theory and hypothesis concerning the

Moon were considered.

. Requirements for qualified scientific personnel, imposed by the

lunar scientific program, were reviewed.

Figure 2 shows the task flow of activity for the major tasks. The

activity flow was generally from left to right and, simultaneously, from the

top toward the bottom of the figure.

2. 3 FUNDAMENTAL EXPERIMENTS COMPILATION

There are 235 fundamental experiments compiled from NASA source

documentation in the present data management system. These experiments

are organized within 85 investigations. The number of experiments com-

pared to the number of investigations may be considered to be small;

however, the investigations were formulated with a future growth in the

number of experiments anticipated as lunar exploration progresses. The

present number of experiments is considered to represent an adequate

scientific coverage in view of the limited knowledge of the lunar surface,

the definition of actual scientific equipment and instrumentation, and the

capability of the supporting systems. As more knowledge is acquired of

the lunar surface and eventual mission-systems support capability, and

as the experiment and associated equipment become better defined, the

experiments may be better defined and the number of experiments may

accordingly be altered.

Table I lists the total number of experiments for each scientific

discipline area and includes a summary of the Mission Support and Miscel-

laneous Basic and Applied Research experiments.

2.4 MISSION SUPPORT AND MISCELLANEOUS BASIC AND APPLIED

RESEARCH INVESTIGATION CATEGORIES SUMMARY

Mission Support and Miscellaneous Basic and Applied Research investi-

gation categories were established for this study to obtain a more complete

definition of the investigations and experiments associated with lunar scien-

tific missions. In general, the investigations that comprise Discipline

Areas 8 and 9 directly support the performance of fundamental investigations,

advance capabilities for exploring the Moon, extend basic knowledge of Earth-

oriented applications, and support the development of a technology base for

exploration of the planets and observation of the Universe.

The general organization of Discipline Areas 8 and 9, and the numerical

distribution of investigations or experiments within these areas is shown in

Table 2.

-9-
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Table 1 Experiment Compilation

Dis cipline Area

Lunar Atmospheres

Geodesy

Geology

Geochemistry

Geophysics

Particles and Fields

Biology

A stronomy

Total Number of Fundamental Experiments

Mission Support Investigations

Miscellaneous Basic and Applied Research

Number of Experiments

Lunar Surface

6

5

12

19

84

44

7

34

Lunar Orbit

211

90

9

0

2

2

4

i0

3

0

3

24

6

.

.

Table 2. Discipline Areas 8 and 9 Organization and

Experiment Compilation

Discipline

Area

Mission Support

Investigations

Miscellaneous

Basic and

Applied

Research

Functional Specialty Grouping

Engineering model of lunar surface

and environment

Direct support to fundamental

inve stigati on s

Biomedical, human factors, and

life support

Exploration systems and subsystems

technology

Mobility and deployment support

Resources utilization feasibility

Total

Basic experiments utilizing lunar

environment

Advanced technologies utilizing

lunar environment

Total

Number of

Experiments

19

16

18

27

7

9

96

I

9
i

- i0-
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2.5 EXPERIMENT DATA MANAGEMENT

A data processing and retrieval technique for compiling and displaying

experiment data, equipment data, and mission support requirements was

developed during the program to provide lunar exploration mission planners

with a tool for evaluating system/mission tradeoffs and to provide a com-

pilation of vehicle and system support requirements and design criteria in

terms of the principal scientific investigations recommended by the scientific

community.

The experiment data management system has the following characteris-

tics, which are necessary to satisfy the program requirements:

. The system is flexible to accommodate future known and unknown

requirements as the need becomes clear to define those

requirements.

. It has a large potential capacity to accommodate large numbers of

experiments as the investigations and experiments become better

defined and can be divided into manageable discrete units of

accomplishment.

3. It is capable of primary use in constraint analysis to aid in future

mission planning efforts concerned with system effectiveness.

4. It is simple, and quickly and conveniently useful to the uninitiated,

and it allows maximum use of human judgment.

The data management system is organized around six types of IBM

computer card formats for purposes of experiment description. Additional

cards may be introduced for purposes of describing specific subsystem

requirements. A seventh card, providing the capability for more detailed

requirements concerning telemetry, has been added to the computer program.

A more detailed description of the data management system is presented in

Section 6.0.

2.6 ASTRONAUT LUNAR CAPABILITIES

A major portion of the suited astronaut energy expenditures in lunar

surface operations may be associated with two types of activities, surface

travel and execution of relatively stationary work tasks. During these

operations, the astronaut will perform in environments that have been shown

by experimentation from a cross section of sources to produce significant

decrements in the productivity, capability, and efficiency of operators.

-II-
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Based on present data from preliminary tests, time multiplication

factors which may be used to estimate task times for a man in a lunar suit

should be roughly two times the total time estimated for walking in shirt-

sleeves and four times the total time estimated for specific work tasks to be

performed in shirtsleeves. A single average factor of three times the total

time estimated for performing operations in shirtsleeves can be used for

estimating the time required for general operations in a lunar suit. Cor-

respondingly, an average energy output by the operator of approximately

1200 to 1300 Btu per hour should be allowed, and more rest periods should

be programmed. Force production capabilities of no more than 50 to 60

percent of Earth values can be anticipated, and are a function of the nature

of the force requirement. At times, considerably less force production

capabilities may be realized. Bracing-restraint systems should be provided

during the production of prolonged work.

2.7 MOBILE SYSTEMS

Of the total number of experiments compiled for lunar exploration

during the study effort, 71 specified requirements for no mobility, 147

specified requirements for walking mobility, 73 specified requirements

for at least short-range mobility (less than 15 kilometers) and 45 specified

requirements for long-range mobility (I00 kilometers or greater).

Early lunar exploration will require local, short-range vehicles of the

LSSM type to increase mobility of the suited astronaut for the following

reasons: reduce man-hours for surface locomotion; reduce astronaut

fatigue; support the astronaut in the performance of investigations and

experiments; provide mounting for sensors and operational equipment;

provide support, such as power and data management; extend allowable

duration of local exploration and/or deployment activities; increase operating

radius for early exploration; transport equipment and supplies; and increase

probability of mission success.

To provide optimal local exploration support, the short-range mobile

systems must extend the effectiveness and safety of the astronaut in con-

ducting a range of investigations. More than a personnel and logistics

carrier, the LSSM should evolve as a primary component in the integration

and execution of experiments.

The study indicates that extended surface traverse and support capa-

bilities are required to:

i . Obtain an integrated broad regional picture of the surface geology

and crustal structure of the Moon and integrate local detailed studies

-IZ-

• SID 66-957-2



'NORTH AMERICAN AVIATION, INC.
SPACE and INFORMATION SYSTEMS DIVISION

made during the early lunar exploration phase. Long traverses

are also needed to correlate and interpret the data obtained from

orbital vehicles and unmanned lunar probes

2. Extend terrain negotiability to permit surface travel to areas of

major geological significance

. Extend the duration capability for manned traverses consistent

with range and with extended traverse site operations

. Provide the investigation and experiment support functions

described for the LSSM, but on a scale consistent with increased

size, duration, and complexity of extended-duration investigations

. Provide on-board analytical facilities for timely interpretation

and correlation of findings

o Provide a basic mobile operations support capability which,

through specialized modular additions, makes possible the

deployrnent and installation of major scientific facilities, such

as a long-wave radio telescope and a 100-inch telescope for the

lunar astronomical observatory, described in Sections 5.3. 1
and 5.3.2.

2. 8 LUNAR SURFACE SCIENTIFIC OBSERVATORIES

A study was made to determine special support requirements that

may be unique in the emplacement of speciai scientific facilities for extended

lunar exploration Astronomy has the major requirements for these facili-

ties; therefore, two typical scientific observatory-type facilities were studied

in some detail: an antenna installation for lunar long-wave radio astronomy

and an optical astronomy observatory facility encompassing a large 100-inch-
aperture telescope.

There appears to be no special problem for either type of installation.

Packaging requirements are fIexible, although a speciai payload design will

be required for optical astronomy The surface deployment requirements

can be satisfied by mission support equipment presently envisioned for the

middle phases of extended lunar exploration, including the addition of

special construction moduIes attached to the long-range mobile vehicles

2. 9 EXPERIMENT SEQUENCING

The experiments were organized into four separate sequences to

provide a tool for evaluating the implication of alternate program decisions
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concerning costs, schedules, operations, and requirements for development

of lunar exploration systems. The sequences were developed as follows:

. The Discipline Sequences group the experiments within each

discipline according to a logical order of scientific accomplishment.

Mission Support Sequences order the experiments within each

discipline by increasing mass, energy, and man-hour require-

ments. These sequences show the distribution of the critical

parameters and can be used to evaluate combinations of experi-

ments that may be used in mission planning. They are useful

tools in developing other sequences.

. The Exploration Phase Sequences order the experiments of each

discipline area into successive phases of lunar exploration com-

patible with progressively ascending levels of scientific knowledge

and operational capabilities.

. The Composite Sequences are interdisciplinary ordering of experi-

ments :d_:._ ,_ _,....... i.....:_._ ph :____:r:__ • T___WILI1111 (c:_cIL_il of Lil_ U_--_IUJV"4 LIU[1 ases IUUIIL111_LI 1i-1 IL_=111 J.

Five logical phases of lunar exploration, based on experiment support

requirements, were identified during experiment sequencing. Phases A and

B were considered to be early lunar exploration, with Phase A being the

period of initial lunar landing. Phase C was considered a transitional phase

to extended lunar exploration Phases D and E. Each phase represents

progressively greater operational capability.

A typical result of the sequencing is illustrated in Table 3,which pre-

sents a man-hour summary by exploration phase. It should be noted that

in this table experiment repetitions are not included. This consideration

is a function of mission planning which was not considered. Also, the hours

presented are for experiments considered to be within the capabilities of a

particular phase, but not necessarily recommended for that phase. Con-

sequently, the experimentation hours for Phases A and B may be considered

high. However, the hours for Phase C should possibly reflect the cumulative

total of hours for the preceding Phases A and B to be more realistic since

many experiments of early phases will also be repeated during the later

phases

It is interesting to note that if the assumption is made that, for each

astronaut, 8 of every 24 hours is used for the performance of experiments

on the lunar surface, approximately 4790 man-days (Earth days) would be

required on 'the lunar surface to perform each experiment once. If it is

assumed that three men will be on the lunar surface during the extended

phases of lunar exploration (Phases C, D, and E), approximately four years
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Table 3. Man-Hour Summary

Phase

A

B

C

D

E

Total Experimentation

(man-hours)

140

2,810

8,330

I0,400

8,95O

Space Suit_

(man-hours)

30

870

88O

840

i, 200

Total 30,630 3,820

;:_Based on terrestial environment. To convert to actual lunar

suit time, it is recommended that values shown be multiplied

by a "K" factor of three, which increases the total man-hours

to 38,270.

elapsed time would be required for the extended exploration phase, assuming

continuous lunar surface operation. With a reasonable number of repetitions

assumed for various experiments, the experiments activity foreseen for

extended lunar operations appears to be reasonable and is compatible with

the general system capabilities foreseen.

Early exploration phases are sensitive to man-hour requirements and

lunar surface stay time. Approximately one-tenth of the total man-hours

(for a single performance of each experiment of the total program of experi-

ments) is involved in the early phase of lunar exploration (Phases A and B).

If it is conservatively assumed that there will be an average of three repeti-

tions of each experiment and that there will be two men on the lunar surface,

approximately 550 Earth days will be required to complete all of the experi-

ments of Phases A and B at a lunar suit "K" factor of i. 0. This is equivalent

to 40 missions with a lunar surface stay time capability of 14 days and assum-

ing that each of the two astronauts works eight hours per day, of which only

a fraction, 31 percent for Phases A and B, is in a spacesuit. The number of

lunar missions for various lunar surface stay times is shown in Table 4 for

lunar suit "K" factors of i, 2, and 3.

Table 4 illustrates the strong sensitivity of mission duration capability

on lunar suit capabilities. The major factor which can significantly reduce

these effects is the future emphasis on experiment integration and consider-

ation of greater automation and remote control.
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Table 4. Number of Missions for Various Mission Durations

Mission Duration

Capability

(days)

14

30

9O

Suit K

Factor = 1.0

40

17

7

Suit I<

Factor = 2.0

52

ZZ

8

Suit K

Factor = 3.0

64

27

I0

Z. I0 EARTH-BASED SCIENTIFIC SUPPORT REQUIREMENTS

A brief investigation was performed to determine possible requirements

for Earth-based scientific support of lunar missions. The results of this

study indicated that the most critical problem can be the lack of scientists

for analysis of Earth return data. Three types of support were investigated:

scientific analysis, technician requirements in support of the scientists,

and laboratory facilities. Sensitivity analysis indicated that the demand for

scientists is the most critical area because of the relatively long lead time

required for training qualified scientists. The demand for technicians and

laboratory facilities is dependent upon the availability of the scientists. A

deficiency of approximately 9,000 man-years of scientific work is forecast

to be accrued by the end of Phase C, which may be considered the transition

phase between early and extended lunar exploration. The analysis and esti-

mates are necessarily based on predictions of the scope of lunar exploration

activities over the next decade, which is influenced by outside factors related

to the lunar exploration program in terms of the funds available for lunar

exploration.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

The study of Scientific Mission Support for Extended Lunar

Exploration produced several results from which specific conclusions and

recommendations can be drawn.

3. i FUNDAMENTAL INVESTIGATIONS

A typical spectrum of 235 experiments was compiled under the

category, "Fundamental Investigations." This compilation provides adequate

coverage of scientific mission support requirements for mission planning "

purpo se s.

It is recommended that the lunar scientific program be integrated with

planetary exploration.

3.2 MISSION SUPPORT AND MISCELLANEOUS BASIC AND APPLIED

RESEARCH INVESTIGATIONS

A total of 105 experiments have been defined under the categories,

"Mission Support Investigations" and "Miscellaneous Basic and Applied

Research". These experiments have been defined in a preliminary manner.

Of these experiments, 59 were considered top priority.

The results from this study indicate that more effort is justified to

identify additional experiments and to delineate support requirements to a

comparable degree with the fundamental experiments because significant mass

and man-hours are involved. Any assessment of future system capability

will be seriously impaired without a better accountability of applied science

and engineering technology requirements. Accordingly, it is recommended

that additional considerations be given to an overall integrated applied science

and technology space experimental program for lunar and planetary explora-

tion, as well as Earth-orbital operations.

3. 3 EXPERIMENT SUPPORT REQUIREMENTS - EXPERIMENT DATA

MANAGEMENT SYSTEM

Experiment support requirements were defined to a degree which will

allow adequate estimation of subsystem requirements for present and

immediate future mission planning and systems concept studies. An experi-

ment data management system was formulated for compiling and displaying
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experiment and equipment data and mission support requirements. This

system is flexible, simple to use, and has a large capacity for data storage.

The present data management system should be expanded to cover

specific subsystem requirements in more detail. The capability for

telemetry has already been incorporated in the present program; however,

equally critical requirements in the near future may involve environmental

control and life support subsystems and requirements for the suited

astronaut. The experiment data management system should also be

normalized to accommodate planetary exploration as well as Earth-orbital

scientific operations.

3.4 LUNAR ASTRONAUT CAPABILITY

Capabilities of the suited astronaut in the lunar environment were

studied to determine the influence or constraints that may affect the

performance of the experiments. With the data available, it appears that

the present rate of lunar suit development is not adequate. Lunar surface

scientific operations will be seriously constrained by the limited capabil-

ities of a man in a lunar suit. The types of work which will be required

of the suited astronaut must be studied in much greater detail to obtain

more realistic estimates of average task time. The following relation-

ships must be determined:

I. The ratio of lunar to terrestrial task accomplishment times

Z. The ratio of lunar to terrestrial operator work efficiencies

3. The ratio of lunar to terrestrial operator capabilities, with

reference to force and work producing capability

. The physiological cost of work in these environments, as

modified by the nature of the suit, availability and nature of

bracing/restraint devices, breathing gas mixtures, special

tools, terrain, and other environmental considerations.

"Operations-oriented" scientists, as well as those primarily interested in

the scientific data return, will be required to perform these studies. A

greater use of automated procedures and remote control should be con-

sidered to reduce the required movement of the suited astronaut, to enable

the performance of many more experiments for a given amount of time

and to take advantage of man=s most important functions of controlling,

monitoring, and observing.
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3. 5 MOBILITY IMPLICATIONS

Apparent constraints of the lunar suit place more emphasis on the need

for a short-range or LSSM-type vehicle for local mobility. Special emphasis

should be placed on the integration of the suited man and the vehicle to enhance

man's capability to perform experiments while remaining on the vehicle.

Specifically, man should be seated on the vehicle in such a way that he is in

immediate proximity to the lunar surface, with full visibility. Further, he

should be able to perform lunar surface experiments while remaining seated

on the vehicle.

A long-range roving vehicle will be needed to provide the integration of

detailed local surface studies and information obtained from orbital vehicles

and probes in order to present a total overall picture of the lunar surface

geology and physical environment.

Flying vehicles should also be considered as means to accomplish lunar

exploration objectives. At the present time, there appears to be no other

transportation method available for reaching some of the otherwise inacces-

sible areas or points of maximum interest to the geoscientist.

3. 6 LUNAR SURFACE EMPLACEMENT OF SCIENTIFIC OBSERVATORIES

The studies conducted on the large radio and optical astronomy

observatory facilities indicate their feasibility, from an operational stand-

point, during the intermediate phases of extended lunar exploration. This

verifies, in a preliminary manner, the operational feasibility of performing

major astronomy experiments during extended lunar exploration phases.

3. 7 EXPLORATION PHASING

Based on experiment support requirements and sequencing studies,

five logical phases of lunar scientific exploration have been identified.

Phase A was considered to be the period of initial lunar landings. Phase B

is generally compatible with the system capabilities of the present AAP

concept and is defined as early lunar exploration. Phase C may more

properly be classified as a transition period between early and extended

lunar exploration phases. Phases C, D, and E are applicable to extended

lunar exploration.

3.8 EARTH-BASED SCIENTIFIC SUPPOKT REQUIREMENTS

The most critical problem will be the lack of a sufficient number of

scientists for analysis of earth return data. A deficiency of 9,000 man-

years of effort is predicted by conservative analysis during the intermediate

phases of lunar exploration.
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Further studies should be conducted in this area after the conclusion of

the present studies with improved scientific mission and system capability

information. However, the present results are sufficient to indicate that a

very real problem exists, which warrants immediate attention.
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4.0 INVESTIGATION AND EXPERIMENT SUMMARY

4. i FUNDAMENTAL INVESTIGATIONS SUMMARY

In the course of this study, potential experiments were initially screened

from the NASA source documentation (see Section 8. 0, Volume 3) and grouped

into investigations which attempt to answer 33 fundamental questions repre-

senting scientific guidelines. These fundamental questions were taken directly

from the report of the National Academy of Sciences entitled, "Space Research-

Directions for the Future." Fifteen of these questions are lunar-oriented.

The remaining 18 questions are space-oriented and have been derived from

the same report, considering the Moon as a platform to enhance the explora-

tion of the universe. The investigations corresponding to the i0 discipline

areas are correlated with the 33 fundamental questions in Figure 3. The

purpose of this correlation is to indicate the relative contribution of each of

the proposed investigations to providing an answer to each of the fundamental

questions. The fundamental questions are listed in an abbreviated form

across the top of each matrix. The investigations are listed in the left-hand

matrix column.

Geodesy, Geology, and Geochemistry investigations attempt mainly to

answer specific lunar-oriented questions. The Geophysics investigations

are concentrated on questions i to 15 on lunar exploration and columns 31

and 32, which are questions concerning terrestrial and planetary geophysics.

The Particles and Fields investigations are primarily directed toward ques-

tions relating to radiation history and cosmic ray intensity at the Moon, solar

phenomena (flares, sunspots, solar wind, etc. ), and the interactions of the

geomagnetosphere with the solar wind and the solar and galactic particles.

The Lunar Atmospheres, Biology, and Astronomy investigations provide a

widely scattered correlation with the fundamental questions. These five

matrices cannot be compared with each other. Only the integrated contribu-

tion to answering the NAS fundamental questions by the investigations compiled

in this study can be assessed.

These matrices indicate there is coverage of all the scientific questions.

The actual extent of the coverage can, however, be determined only by

detailed examination of the actual experiments. Mission Support and Mis-

cellaneous Basic and Applied Research investigations are included because

they are, in many cases, key experiments and contribute in an indirect

manne r.
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In view of the large number of experiments (235) which comprise the

category, "Fundamental Investigations, " it is not possible to give a

detailed description of the experiments in this summary volume; there-

fore, only the investigations and typical examples of the experiments will

be discussed below. A full description can be found in Volume 5,

Appendix B, of this report.

4.1.1 Lunar Atmospheres

The Lunar Atmospheres investigations contain experiments to
determine :

Total atmospheric pressure

Composition of lunar atmospheres

Atmospheric variations over the lunar surface

Extent and composition of neutral gases emanating from the

It should be noted here that under the Lunar Atmospheres investiga-

tion, "Determination of Total Lunar Pressure, " the objectives for the two

atmospheric pressure experiments shown are the same. However, major

differences are present between the two experiments which require their

identification as separate experiments. Due primarily to the later time

phase assumed, a greater refinement in instrumentation technology and

mobility is feasible for the latter experiment; henc$, measurements at

more distant sites from the vicinity of landing sites are feasible. A bette_

defined picture of the total lunar atmosphere as opposed to anomalous or

contaminated atmosphere is possible. The preceding example indicates

the value of predetermining experimental programs across several
experiments.

4.1.2 Geodesy

In Geodesy, a comprehensive program is implied, involving precision

orbital mapping and distance determinations as well as access to seismic

and gravity potential data. The Geodesy investigations are as follows:

Astronomical observations used to determine geodetic

(selenodetic) parameters

Geodetic surface surveying observations to establish ground

control for lunar orbital mapping
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Lunar surface gravity observations to aid in determining an

accurate geodetic coordinate system

Active seismic measurements to determine material density

distributions to supplement surface gravity observations

Earth-Moon distance observations to aid in establishing accurate

selenocentric coordinate systems and to facilitate transformation

between geocentric and selenocentric coordinate systems

Geodetic mapping observations to provide data for detailed

topographic maps of the Moon

Gravity observations performed from lunar orbit to supplement

surface gravity and seismic data

"Selenodetic Mapping Observations from Orbit" is a typical investiga-

tion intended to provide data for detailed topographic lunar maps. This

investigation has a single experiment aimed essentially at providing stereo

coverage of lunar landing sites to a 1-meter relative and 10-meter absolute

accuracy for base map purposes. This requirement involves selenodetic

mapping with LEM and Apollo command module vehicles to provide stereo-

photography coverage from which topography maps will be prepared for

selected lunar areas.

4. 1.3 Geology

The Geology investigations consist of the following activities:

Production of lunar geologic maps from lunar orbit data. Surface

experiments will be utilized to augment data obtained from orbit

Construction of detailed geologic maps of selected lunar areas

Lunar sample collection for geological analysis (analyses to be

performed either at lunar base or on Earth}

Determination of subsurface structure of the lunar body

To further illustrate the scope of the geoscience investigations and

their interrelationships across discipline areas, Geology will directly rely

on the selenodesy-cartography investigations previously cited to obtain the

data for map preparation and photogeologies interpretation. "Production of

Lunar Geologic Maps from Lunar Orbit Data" demonstrates that the imme-

diately preceding experiment, concerning topographic map preparation from the
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selenodesy-cartography investigation, had direct application to the geologic

mapping effort delineated under the first two geology investigations. Data

from the geodesy investigations would be provided for this use.

4. 1.4 Geochemistry

Under Geochemistry, investigations will complement the preceding

disciplinary studies by providing detailed chemical analysis of lunar materials

and gases associated with features such as fumaroles. Such studies can also

provide the means for comparison of a time scale of lunar events with that

established for Earth history. Geochemical investigations include:

Chemical analysis to determine the geochemical, petrological,

and mineralogical nature of lunar materials

Gamma-ray spectrometry experiments on surface traverses and

from lunar orbit to provide direct information on radio-nuclides

present on the lunar surface

Differential thermal analysis investigation in which volatiles from

lunar materials are distilled and collected for further analysis of

composition

Chemical analyses of lunar gases by use of mass spectrometers

A typical geochemical investigation is composed of experiments involv-

ing gamma-ray spectrometry, which is concerned with the determination of

unique gamma-ray spectral signatures associated with radioisotopes of

interest. Due to the absence of a lunar atmosphere, it should be possible

to recognize these gamma-ray spectra from orbit as well. It will be possible

to provide a chemical analysis of surface and near-surface materials with-

out recourse to an external energy mechanism such as is required for

neutron and gamma-ray activation surveys. This experiment is based

entirely on classification by natural radioactivity of the materials encountered

on traverse.

4. 1.5 Geophysics

The largest number of investigations are contained in the Geophysics

discipline area. Several instrumental techniques are encompassed, although

these are primarily concerned with the study of the properties of lunar bodies.

The latter portion of the investigations are concerned with Earth monitoring

from the lunar surface. These are of understandably lower priority in view

of the fact that these investigations could well be satisfied by Earth orbital

experiments. In this sense, they are "targets of opportunity" and may be

performed if time allows. In addition, planetary geophysics investigations
are included.
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The Geophysics investigations are:

Seismic studies on lunar materials

Lunar seismic events

Surveys of meteorites in the lunar environment

Lunar surface and material hardness

Electromagnetic properties of the lunar material

Electric and magnetic field surveys

Studies of lunar materials with nuclear physics techniques

Lunar surface and subsurface temperatures and heat flows

Variations in lunar gravity

Studies of heat balance of Earth's atmosphere from the lunar

landing site

Studies of Earthts reflectivity and albedo from the lunar

landing site

Studies of Earth's auroral and air glow emissions

Studies of ultraviolet scattering in Earthls atmosphere

Studies of Earthls atmosphere by passive infrared scanning

Studies of Earth's upper atmosphere density variations by

stellar refraction techniques

Studies of Earth's atmosphere during terrestrial eclipse of

the Sun

Studies of Earthls atmosphere by use of radio telescope

techniques

Studies of nonterrestrial planetary atmosphere circulations

Studies of temperatures and composition of planetary

atmospheres

Determination of planetary albedos and spectral reflectivities

Studies of the Earthts ocean heat balance from the lunar base
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Studies of Earth's cloud cover, sea surface glitter, water color,

ice formation, and other gross dynamic patterns by use of

sequential multiband photography

Studies of feasibility of Earth-sea-surface height measurements

from the lunar base by use of laser ranging devices or other

techniqu e s

A typical geophysics investigation is the "Lunar Seismic Event Studies

and Tectonic Measurements, " which is the most fundamental to determining

the internal structure and environment of the Moon. The structure of the

interior of the Earth has been primarily determined by seismic techniques

that monitor the energy transmitted through the]Earth by strong earthquakes.

Earth models are based on studies of the presence or absence of the various

P, S, and Lwaves and their respective arrival times; hence, by analogy,

this experiment has great significance for determination of the lunar interior.

Additionally, it has great significance to problems of internal thermal and

electrical conductivity structures since it may serve as an initial basis for

modeling the interior of the Moon.

A typical experiment within the preceding geophysics investigation is

"Seismic Recording - Passive - Large Array" which is designed for a later

phase of lunar experiments for which regions of potential tectonic activity

have been identified. The experiment requires establishment of a network

of seismic stations with sufficient coverage to permit definition of a shadow

zone due to screening of seismic shear waves by a liquid lunar core (if

present). Simultaneou_ studies of possible crustal or mantel characteristics

would result from studies of reflected and refracted P and S waves from

lunar seismic events.

Studies of the deep interior by explosive techniques do not seem to be

feasible since with Earth signal-to-noise ratios, several kilotons of high

explosives are required to simulate earthquakes of 4 to 5 magnitude (Richter

scale). Smaller energies could not penetrate the body of the Moon. Coupled

with the seismic measurements would be a series of precision optical distance

measurements to fractional centimeter accuracy. Routine measurements

would be made across known faults to determine crustal motion and strain

accumulation. At the time of the major seismic events with epicenters in

the measurement region, special measurements would be made to determine

rates of motion along the associated faults.

4. 1.6 Particles and Fields

The present and prolonged past exposure of the lunar surface to ener-

getic ionizing particulate radiation provides valuable and sometimes unique

opportunities to study the current and historical levels of the radiation envi-

ronment. A lunar exploration objective realized through investigations based
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on measurements with particle detectors and spectrometers is the evaluation

of the energy spectra of protons, electrons, and heavy nuclei associated with

solar activity and galactic sources. Evaluation of secular trends in the past

radiation level requires geochemical techniques similar to those used in

determination of crystalline structure and radioactivity of subsurface
materials.

The Moon also represents an obstruction to the solar wind, larger than

the mean free paths, Debye length and Larmor radii of solar wind particles,

and lacking a strong intrinsic magnetic field. Unique investigations in the

magneto-hydrodynamics of the interplanetary medium can, therefore, be

conducted at and above the lunar surface Particles andFields investigations,

including solar physics, are:

Studies of solar-charged particle environment at the lunar surface,

0. 1 to 0.5 Mev energy range

Studies of solar-charged particle environment at the lunar surface

in the 0.04 to i000 Mev energy range

Studies of anisotropy versus charge and energy of solar and

galactic particles

Studies of solar and galactic radiation environment at lunar surface.

Also includes solar energetic electrons associated with solar flares.

Studies of galactic nuclei environment at the lunar surface,

i00 Mev to 100+ Bey energy range

Studies of galactic electron environment at the lunar surface,

100 to 1000 Mev energies

Studies of solar and galactic neutrino sources

Studies of solar wind interactions with Moon and geomagnetosphere,

including the magneto-hydrodynamics of the solar wind flow past

the Earth and Moon

Studies of solar wind particles at the lunar surface and near the

Moon

Studies of electrons escaping the Earth auroral zones during

geomagnetic storms

Studies of the interplanetary magnetic field and the distant

geomagnetic field
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Studies of the magnetic field strength and time variations at the

lunar surface and near the Moon

Studies of the electrostatic field at and near the lunar surface

Studies of galactic particle scattering and reactions

Studies of the outer solar corona structure

Studies of solar flare UV spectra

Studies of solar granulation structure and granulation velocity

field

Studies of solar prominence fine structure

Studies of solar flare ejection of material

Moderate dispersion UV scans over the solar disk

Studies of the UV spectrum of solar flares

Studies of sunspot formation and development

Wind Particles At and Near Surface" investigation. This investigation

encompasses four experiments: two experiments measure the charged

particle energy spectrum versus height from 0 to i0 meters and from 0 to

I00 meters above the lunar surface; two other experiments measure the

charged particle spectrum versus Sun position at sunrise, noon, and mid-

night and also in the antisolar tail of the geomagnetosphere.

Other. znvestigations include particulate radiation at the lunar surface,

which includes particles above 105 Mev, the highest energies realizable by

presently planned accelerators. Fundamental particle physics can benefit

from the presence of this radiation in the natural lunar vacuum. Using the

stable lunar surface as an optical bench, long flight paths can be set up to

observe; i.e., proton-proton scattering at small angles and baryon decay

branching ratios.

The perfect visibility, stability, and complete atmospheric transparency

which the Moon provides in astronomical investigations also permits major

advances in solar physics, including the investigation by astronomical tech-

niques of the structure, and behavior of active solar phenomena. The com-

position and structure of all visible levels of the solar atmosphere can also

be explored with enhanced angular resolution.

4. i. 7 Biology

The question of life on the Moon, at first consideration a most remote

possibility, requires highly important lunar exploration investigations when
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it is broadened to include extremely primitive and extinct life forms.

Evidence of prebiotic chemicals is also of great interest. Another ques-

tion in lunar biology is the possible future development of life.

Investigations formulated for biology include:

Studies of prebiotic chemistry and evidence of existing life

in lunar materials

Studies of the behavior and rhythms of plants for several

generations in the lunar environment

Studies of the behavior and rhythms of animals for several

generations in the lunar environment

Genetic effects of lunar conditions and Earth-Moon trips on

plant s

Genetic effects of lunar conditions and Earth-Moon trips on

microorganisms

Establishment of a lunar soil bank at an early period of

lunar exploration for use in later experiments

Evaluation of the response of terrestrial biological organisms to the

lunar environment will provide fundamental knowledge in genetics and growth

processes and also provide insight to the suitability of the Moon for the

development of life. Investigations in this area include the behavior and

rhythmic cycles of plants and animals (including man), and the genetic effects

of such lunar environmental factors as ionizing radiation.

Biological contamination of the Moon is a problem intimately related

to the search for life forms. Early lunar exploration vehicles, whether

manned or unmanned, may introduce contaminants that will possibly be

altered by radiation to unrecognizable forms by the time of advanced explor-

ation missions. Therefore, investigations utilizing soil banks are very

important.

An investigation to search for existing life or evidence of prebiotic

chemical activity consists of experiments involving techniques of collection

and preparation of uncontaminated samples of lunar materials, qualitative

analysis of organic chemicals in the samples, and measurements of repro-

ductive and metabolic processes. Metabolic analysis includes measurement

(on the Moon and on Earth) of electrical conductivity, optical activity, gas

exchange rates, and heat production rates.
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4.1.8 Astronomy

The use of the Moon as an astronomical observatory platform will be

desirable to augment Earth and Earth-orbital observations. The minimum

size telescope to perform observations of scientific significance will be on

the order of 30- to 40-inch apertures, while a larger telescope, on the

order of 100-inch aperture, is extremely desirable. Investigations formu-

lated for astronomy are:

Optical astronomy experiments based on the use of a small,

medium-resolution reflecting telescope. The experiments

include testing of the lunar environment for development of

an astronomical observatory.

Optical astronomy experiments based on the use of a small,

medium-resolution reflecting telescope for medium-resolution

photos of planets and stars, photoelectric studies, and

medium dispersion spectroscopic studies.

Optical astronomy experiments based on the use of a small,

wide-field reflecting telescope with a five-degree field of view.

These experiments include photographic sky surveys at a

variety of wavelengths, studies of extended surface phenom-

ena such as zodiacal light, gegenschein, lunar libration

clouds, and scanning photometer studies.

Optical astronomy experiments based on the use of a medium-

sized reflecting telescope. These studies will include photo-

graphs of faint and bright galaxies, nebulae, etc., at a variety

of wavelengths, photoelectric photometry at wavelengths

inaccessible from Earth's surface, and spectroscopic studies

at low, medium, and high dispersion.

Optical astronomy experiments based on the use of a large

diffraction-limited telescope, with major operations in the

wavelength interval of 1000 to 3000 angstroms. The experi-

ments will include very high-resolution photography, high-

dispersion spectroscopy, systematic studies of outer envelopes

of stars, surveys to detect planet-like companions of stars,

and systematic studies of high-energy phenomena in stars and

quasars.

Special optical astronomy studies, such as the Lyman-A1pha

survey of the sky or Einstein eclipse problem
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X-ray astronomic observations of the X-ray radiation from

the Sun, stars, galaxies, or other X-ray sources.

Gamma-ray astronomic observations

Nondirectional radio astronomy

Dire ctional radio astronomy

Submillimeter radio astronomy

Studies of radio wave propagation between stations on the

lunar surface

Studies of variations of the lunar ambient vector magnetic

field

Studies of radio wave propagation between the Earth and

Moon, at various frequencies, polarizations, etc.

Measurements of radio astronomy interest performed from

lunar orbit, such as electric field measurements, magnetic

field measurements, and particle flux measurements

While it is certain that many unique astronomical observations can be

conducted with even a small telescope on the lunar surface, full exploitation

of the astronomical potential of the Moon requires evaluation of the Moon as

a major observatory site. Seismic stability, soil bearing strength, thermal

stresses, meteoroid and radiation damage, and techniques of assembling and

using a large telescope in the lunar environment must be assessed. A small

(1Z-inch) telescope will contribute here as well as in direct observational

investigations such as UV sky survey.

The investigation of all classes of celestial objects, especially at

wavelengths to which the Earth's atmosphere is opaque, is a central objective

of space astronomy, fulfilled through investigations with larger telescopes

which take advantage of a natural stable platform in a vacuum. The vast

number of individual observations can be illustrated by an experiment involv-

ing high-resolution photography in the visible and UV with a 40-inch telescope.

The observations concern star densities near the centers of dense clusters

such as M31 (Hercules). A similar experiment is directed toward the magni-

tude versus spectral class distribution of individual stars in galaxies, with

consequent refinement of the cosmic distance scale.
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Astronomical observations which benefit greatly from performance on

the Moon are those that test basic scientific hypotheses. For example,

galactic recession velocities at great distances can be determined from

spectral shifts into the far infrared and highly precise measurements of the

bending of light in the solar gravitational field can be made.

The establishment of a radio astronomical observatory in the quiet of

the lunar far side appears to be a task for the 1980's. Criteria for such a

facility can be developed during the 1970's, however, by measuring the ac

resistivity and dielectric constant of surface and subsurface materials, and

the plasma frequencies of the lunar atmosphere and the cislunar medium

and by performing many smaller experiments that will return significant

scientific data.

4.2 MISSION SUPPORT INVESTIGATIONS

4.2.1 Surface and Environment Engineering Properties

Lunar surface and subsurface properties and environment character-

istics relate to additional acquisition of data beyond that obtained in the

Fundamental Experiments, which will aid the development of a lunar

engineering model. These characteristics are very important to the

determination of engineering design and operations criteria, both for

fundamental science and technology support. It is expected that the

Fundamental Experiments will contribute much data directly applicable to

engineering models. Consequently, experiments included within these

mission support discipline areas are those that augment the fundamental

studies to provide a more complete model which fulfills mission and

system implementation data needs.

A brief reference to a typical experiment that relates to each type

of data need is presented here to illustrate the composition of these areas.

An orbital experiment entitled "Topography of Proposed AAP LEM

Landing Sites" provides vital macroscopic characteristics data for mission

support. An experiment entitled "Surface and Subsurface Electrical

Parameters" provides information for application to radio astronomy and

communications experiments. Under "Chemical Properties," an experi-

ment entitled "Corrosive Action of Lunar Soils" provides model surface

data affecting instruments, transmission lines, and radiators. "Seismic

Environment" is a monitoring-type experiment which supports the

location and operation of an astronomical observatory.

In the general area of "Surface Environmental Data, " the experi-

ment, "Lunar Surface Dust Environment, " provides a routine program of

monitoring the accumulation of dust deposited during lunar operations.
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Another experiment entitled "Lunar l<F Noise" consists of two parts:

one measures noise at low frequencies in support of radio astronomy, and

another measures noise at higher frequencies in support of lunar commu-

nications. A lunar atmospheric investigation which is complementary to

fundamental studies is entitled "Effects of Leakage From Vehicles,

Shelters, and Spacesuits."

4. Z. Z Support to Fundamental Investigations

A basic objective of mission support is to contribute to the effective-

ness of fundamental scientific investigations. Most of these experiments

are considered very important to the fundamental program and should be

performed during early exploration. Discipline areas supported are

Geology, Geophysics, Geochemistry, Biology, and Astronomy.

A typical experiment which is related to experiment-environment

investigations is entitled "Lunar Drill Bit Technology." This experiment

provides an assessment of designs and techniques for core drilling in

differing lunar lithologies. The "Relative Electrode Electrical Coupling

Properties" experiment provides contact data necessary for correct

determination of resistivity data used in deducing subsurface anomalies.

Another experiment which yields vital experiment-environment interface data

is entitled "Explosive Energy Coupling in Lunar Materials" and is basic to

all active seismic studies.

Correlative information is obtained typically from the "Sampling Survey

Techniques" experiment, which is directed toward maximizing the informa-

tion value from collected samples. "Calibration of Remote Sensing Tech-

niques" involves correlation of information on traverses, and validation of

map data.

Experiments which establish the validity of results from fundamental

studies are typified by the "Biological Contamination of Lunar Soil" experi-

ment which determines the degree to which the Moon or samples can be

contaminated and provides an extraterrestrial assessment of a planetary

life detection experiment package. A second validating type of experiment

is the "Lunar Geological-Geochemical Sample Cassettes" experiment which

evaluates techniques for preservation of samples for delivery to Earth in

their original state.

The "Lunar Optical Astronomy Test Program" experiment investigates

the practical problems of operating a 12-inch telescope in the lunar environ-

ment. Experimental data desired include pointing accuracy, changes in

alignment introduced by thermal and possible seismic phenomena, and effects

of the meteoritic and dust environment. The "Dielectric Properties of the
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Lunar Sphere" experiment is an orbital experiment which provides

information on the listening environment of the lunar backside for applica-

tion to radio astronomy program planning.

4.2.3 Supporting Technologies Investigations

The spectrum of technologies required to support extended explora-

tion of the Moon is very broad. By organization, 18 technological fields

have been defined within the supporting technology groupings. Experiments

listed are typical examples that illustrate the composition of this major

portion of lunar mission support.

The biomedical and human factors experiments are to ensure the

safety and well-being of the astronauts, to provide quantitative assessments

of man's capabilities and long-term adaptabilities to the lunar environment,

and to provide an in-situ experimental basis for extending man's effective-

ness. These investigations, in general, are rated as very important and

they should be performed during early phases of the lunar exploration

program. The "Work Capability Tests" identified as an illustrative

human factors experiment defines force and other work limits that affect

man's capability for performing useful work in the lunar environment.

Life support experiments are directed primarily to developing an

advanced technology for closed ecology and to defining biological effects of

exposure to lunar conditions. The "Use of Lunar Soils for Micro-organisms

and Higher Plants" experiment examines the feasibility of treating and

enriching lunar soils for application as growth media for higher plants and

for micro-organisms of potential ecological interest.

The experiment, "Materials Research Technology, " has general

application to mission support. Within this investigational area, the

experiment, "Elastomer and Polymer Behavior", determines the effects of

the lunar environment on the properties of parts such as vacuum-joined

elastomers and plastics, coated fabrics, spacesuits, hoses, and boots.

A range of supporting investigations are included within the system/

subsystem technology grouping. These are environmental control, com-

munications, power, materials research, structures, mobility technology

(land locomotion and navigation), and deployment technology (surface

modification and construction).

The experiment "RF Ground Wave Propagation" is an example of the

technology advancements required within the basic subsystems grouping.

This experiment measures near- and far-field strengths of lunar surface

waves at several frequencies and distances to confirm the propagation

model. It also leads to definition of the most effective link.
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"Soil Value Variations in Lunar Terrain" is an experiment within the

"Land Locomotion Research" investigation. This experiment envisions the

use of a field Bevameter-type instrument to measure locomotive pressure-

sinkage and draw bar-pull relationships in lunar terrain. Soil values are

important in design and improvement of surface vehicles. Also, correlation

of soil values variations with topography and lithology will support the plan-

ning of traverse routes. "Metal Joining Techniques in Lunar Construction"

provides an assessment of welding, brazing, and diffusion bonding processes

in construction and repair.

Resources utilization feasibility includes lunar resources prospecting

and analysis, mining and materials handling technology, minerals extrac-

tion and processing technology, and resources application techniques. Early

investigations within the "Resources Utilization Feasibility" functional group-

ing (see Table Z) will be concerned primarily with determination of the avail-

abi]ity of usable materials. "Lunar Dry Cement and Concrete ApplicAtions"

is an experiment more suited to the later exploration. This experiment

examines the utility of lunar materials as aggregates, fillers, and binders

to produce a lunar equivalent of concrete, and is envisioned primarily as a

series of field tests utilizing processes developed on Earth with returned
lunar materials.

4. 3 MISCELLANEOUS BASIC AND APPLIED RESEARCH

The lunar environment affords unique opportunities for investigations

of fundamental scientific significance and for investigations that lead to

improved technology for lunar, planetary exploration, and terrestrial appli-

cations. Further effort could be expected to define an expanded utility of

the lunar environment and facilities for supporting basic and applied research.

Lunar environmental conditions advantageous to the performance of

research are: (i) an extensive ultra-high vacuum; (2) a low-magnetic field

environment; (3) unfiltered thermal energy from the Sun; (4) temperatures

approaching absolute zero with proper design; (5) foundation stability for

emplacement and alignment; and (6) potentially usable materials. Factors

such as these can be utilized in basic research to permit the performance of

experiments as in atomic physics, for example, where practical Earth lab-

oratory limitations are restrictive or compromise results.

Concerning electromagnetics, the ability to generate high-intensity

arcs, electron beams, and ion beams in the open (i. e. , without a vacuum

chamber) offers the possibility of advancing extraction, welding, and other

materials processing techniques. These techniques are applicable to lunar

materials operations and to lunar-based operations on terrestrial materials;

they can also be extended to Earth-based fabrication processes.
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An investigation entitled "Electron/Ion Field Emission Optics" takes

advantage of the natural hard vacuum environment to photograph field

emission patterns of elements and compounds, which leads to capabilities

for analyzing lunar materials and perforlning atomic research.

Concerning thermodynamics, the "Radiation Cryostat" investigation

provides for measurement of the thermal characteristics and assessment of

the utility of a superinsulated cavity with a heat sink reflector facing space of

low stellar intensity. Operation in the long lunar night and application to

superconductivity studies are particularly interesting. The "Controllable

Solar Furnace" investigation provides data for small scale experiments for

application to large operational furnace arrays which are potentially appli-

cable to materials research, construction, power generation, and resources

extraction and processing. A third investigation determines flow parameters

of heated gases at i/6 g for correlation with 1-g and zero-g data.

Fundamental research in physics also benefits from the lunar environ-

ment. An example of this is measurement of the expansion of Lorentzian or

collisionless plasmas produced by electrical or chemical explosions, and of

fields in accompanying hydromagnetic shock waves. The "Atomic Species

Lifetimes" investigation takes advantage of the extensive lunar vacuum to

provide for measurement of the lifetimes of long-lived atomic species. This

investigation requires a highly collimated beam traveling parallel to the

lunar surface with stations out to many kilometers to measure decay of

excitation and ionization states. The "Corner Reflectors for Laser Beams"

investigatio4a is an Earth-Moon investigation suggested by the National

Research Council of the National Academy of Sciences. In addition to

geodesy applications, investigations using the corner reflectors should

provide refined data on the gravitational constant and may possibly yield

data relating to gravity waves.

4.4 EXPERIMENT SUMMARY

Table 5 presents a summary of the experiments by discipline area

which are presently included in the Experiment Data Management System.

The experiments are identified by descriptive title, with a summary of

major support parameters.

Certain experiments in the sequences have been footnoted because

a support requirement (total power, for example) exceeded the recom-

mended level for the particular exploration phase in which the experiment

has been sequenced for accomplishment:':-" These experiments are candidates

for certain packages or emplaced stations which were considered to be

*See Section 6.2.3
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available for that particular phase as indicated in the following discussion

and do not exceed the support capabilities presently envisioned for that

particular package.

I . The ALSEP energy source was considered available in Phase A.

For estimating purposes, this source was considered to be a

RTG unit with a power output ranging between 56 and 65 watts

supplied for a period of one year. Accordingly, on the basis of

one year, the ALSEP energy source was estimated to provide

a total energy ranging between 490 and 570 kilowatt hours.

2. The ESS energy source was considered available in Phase B

and later. This source is presently envisioned as consisting of

a 100-watt central station RTG and three 10-watt satellite

station RTG units, all operative for a period of at least one year.

Accordingly, on the basis of one year, the total energy supplied

by the ESS source was estimated to range between ll00 and

1200 kilowatt hours.

, The Astronaut Survey Staff was considered available during

Phase A. A battery source is indicated for this instrument.

The batteries would be recharged at the lunar base or batteries

replaced, as applicable, to provide the estimated total power

expenditure for this unit. Total mass listed for this experiment

includes the mass of the TV monitor which is also used for

other purposes.

o An independent emplaced package for monitoring gas emissions

from suspected sources was assumed available for Phase B.

This package could be emplaced from a lunar orbiting satellite

or from a traverse vehicle. The power source could be similar

to that of the ALSEP.
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5.0 SYSTEM AND SUBSYSTEM IMPLICATIONS

5.1 ASTRONAUT CAPABILITIES

5.1.i Background

Man's capability and limitations will be a major factor in lunar explo-

ration. His use in the performance of scientific experiments and in mission

support activities will be a prime requirement for contemplated lunar

missions because of his ability to observe, think, and then act, especially

with regard to unexpected events. Contingencies, due either to natural

phenomena or to system and subsystem performance, will continuously

arise, which will justify man's participation in the program. Manls inclusion

will be a major factor in the definition of experiments, the design and sizing

of equipment, and the development of operational procedures as well as in

mission formulation and systems support.

Major considerations governing the development of work programs for

astronauts performing scientific missions arise from interactions among

task requirements, reduced traction, and suited performance decr em:ents

and their total effect on astronaut performance capabilities and character-

istics. During lunar operations, the astronaut will be required to perform

in environments demonstrated by previous experimentation to produce

significant decrements in the productivity, capability, and efficiency of

operators. An increasing amount of experimental evidence is available to

conclusively demonstrate that human performance capabilities and character-

istics are adversely altered in significant fashion when operator performance

entailing either manual outputs or body translations is required in reduced

traction and/or pressurized, suited environments.

A major portion of astronaut energy expenditures in lunar surface

operations may be associated with two types of activities: those attendant to

surface travel, and those attendant to the execution of work tasks.

5. I. 2 Astronaut Surface Mobility

A considerable amount of effort has been expended in investigating the

output characteristics of man while walking on a variety of surfaces under

normal terrestrial conditions. The results of two studies are presently

available which have investigated walking characteristics in reduced traction

environments. The results reported are almost diametrically opposed to

each other. One investigator (Reference 3) reports significant increases
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in the energy costs of walking in reduced traction environments, and the other

investigator (Reference 4) reports significant decreases in the energy costs

of walking in reduced traction environments. At this time, experimental

results indicating increased walking efficiency and decreased directional

stability, coupled with gait alterations, in reduced traction environment may

be accepted with reservations until future clarification of these apparent

anomalies.

The earliest investigations of operator capability in pressure suits

have been confined, for the most part, to examinations of operator output

characteristics while walking. The experimental evidence available indicates

that pressure suits may be expected to increase man's energy expenditure

while walking by a factor of at least three. It also appears that walking task

times should be multiplied by a factor of two when based on comparable

shirtsleeve time. This increase has implications to system designers and

mission planners that cannot be overlooked, as will be discussed in a later

s e ction.

It is apparent that, with respect to activities attendant to the transport

of the operator and ancillary equipment to and from various work areas,

many questions concerning astronaut fatigue and subsequent work capabilities

and, concomitantly, walk-back capability, remain unanswered.

5. I. 3 Work Capability

In considering work capability, the effects of reduced gravity and

pressure suits on the work output characteristics of the human operator

performing manual work, must again be considered. Experimental data

descriptive of manls capabilities and characteristics during the performance

of manual tasks in such environments demonstrate that the progressive

removal of traction produces progressively larger ' decrements in operator

force and work producing capabilities that result in capability degradations

sufficiently large to require re-evaluation of present concepts of system

sizing and mission task requirement planning. Decrements have been mani-

fested, singly or in combination, as redu'ctions in force and work producing

capabilities increase the total task accomplishment times.

Present test data indicate that if lunar-suited workers are required to

exert and produce respectively significant amounts of manual force and work,

then an appropriate bracing-restraint system must be employed to effect

either a fixed man-loose object or a fixed man-fixed object configuration.

Maximum efficiency is obtained in bracing-constraint systems when they are

designed in such a way that the applied and the reactive forces lie in the same

plane and along the same line of action.

- 64-

SID 66-957-2



I

NORTH AMERICAN AVIATION, INC.

Experimental evidence exists (References 9 through 16) indicating that

a pressurized suit impairs the operator capability to an extent that

overrides all other considerations. These impairments have been

manifested as reductions in operator mobility and manual dexterity, work and

force producing capabilities, operator efficiency, etc. Increases of 400

percent in task accomplishment times have been reported in References I0,

Ii, 14, and 15 to be solely attributable to wearing pressurized suits.

These factors are of considerable significance; however, the most

important factor in work cycle schedule development is the integration of

these decrements in performance characteristics with the human character-

istic that maintains energy expenditure rates during self-paced work at a

level sufficiently low to prevent oxygen debt formation. This self-regulatory

phenomenon usually results in the selection of a maximum energy expenditure

rate of approximately 1300 Btu per hour and a typical expenditure rate of

approximately 800 to 900 Btu per hour (Reference 5). It is normally antic-

ipated that operator efficiency ranges from 12 to 16 percent during the

performance of manual tasks (Reference 5). If the operator performs in a

self-paced mode with an anticipated expenditure of approximately 800 to 900

Btu per hour, any degradation imposed upon his output capabilities by suits

or environment will cause him to lower his output rate to maintain himself

in an oxygen debt free state. Thus, more time will be required per work

cycle to be executed. As a consequence, design engineers can choose one of

two alternatives: reduce operator workload or allocate more man-hours per

unit task required. These approaches yield the same net resultant increase

in energy expenditure per unit task accomplished. Present system design

concepts require provision of a supply of breathing gases sufficient to main-

tain the operator for 4 hours at an average energy expenditure rate of 1600

Btuper hour and a peak value of Z000 Btu per hour (Reference 6). The mean

value appears to be in excess of anticipated operator requirements, while

the peak value of 2000 Btu is far below the requirements that can be

engendered by man in an emergency.

5. 1.4 Conclusions

A study should be made to assess the impact of the preceding considera-

tions on time allocations for representative aspects of the work schedule.

As part of the same study, an experimental program should be initiated to

determine the following:

I. The ratio of lunar to terrestrial task accomplishment times

2. The ratio of lunar to terrestrial operator work efficiencies
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3. The ratio of lunar to terrestrial operator capabilities with

reference to force and work producing capability

. The physiological cost of work in these environments as modified

by the nature of the astronaut suit, availability and nature of

bracing/restraint devices, breathing gas mixtures, special tools,

terrain, and other environmental considerations

In the absence of quantitative data, predictions can only be made which

are based on information presently available (Volume 3, Detailed Technical

Report). Based on such preliminary information, it is recommended that a

time ratio of a least 4:1 be used in converting time requirements for work

task accomplishment from Earth to lunar environments. Correspondingly,

an average energy output by the operator of approximately 1200 to 1300 Btu

per hour should be allowed, and more rest periods should be programmed.

It is anticipated that force-production capabilities can be no more than

50 to 60 percent of Earth values under ideal conditions. Bracing-restraint

systems should be provided during the production of work that is more than

momentary in duration.

In Section 5. 1.2, an energy expenditure increase of three was indicated

for walking in a pressure suit. When walking on the lunar surface, the expen-

diture will be increased due to nonoptimal surface conditions and reduced

gravity. References 4, i0, and ii indicate that a time ratio of approximately

Z:l appears to be reasonable for walking short distances in the lunar versus

Earth environments. However, for an energy expenditure rate of about 1600

Btu per hour, this time ratio cannot be sustained, and extensive use of

wheeled locomotion will be required to minimize walking expenditures.

Finally, improvements in the pressurized suit and use of special

aids should be made to enhance astronaut effectiveness in supporting lunar

scientific missions.

5. 2 MOBILITY IMPLICATIONS

Mobility is a vital capability for supporting lunar exploration. The

basic areas of application for mobile support systems are:

. Surface locomotion or rocket-propelled surface-to-surface

transportation of men and equipment

2. A capability for mission abort or rescue
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. Power, environmental control and data systems, a platform for

mounting instruments and functional equipment such as drill sub-

systems, and other investigation support capabilities

4. Augmentation of life-support capabilities for local exploration

. Environmentally controlled facilities for laboratory operations,

crew support, and navigation and control for extended exploration

6. A capability for off-loading and deploying equipment

7. A capability for surface modification

8. Support of mining and materials-handling operations.

Table 6 presents the distribution of mobility requirements specified

for the experiments compiled in this study, within each of the ten discipline

areas. The "None" heading relates to experiments that do not require direct

Table 6. Specified Mobility Requirements Distribution

Discipline Area

Lunar Atmospheres

Geodesy

Geology

Geochemistry

Geophysics

Particles and Fields

Biology

Astronomy

Mission Support

Inve stigations 1

Miscellaneous Basic

and Applied Research

Totals

Specified Mobility Requirements

None

Surface,

Indoors Orbit

0 0

0 2

0 2

i0 4

0 10

0 3

5 0

0 3

Z6 6

0 0

41 30

Walk LSSM

2 2

0 0

4 2

0 1

42 18

33 Z

1 1

Z9 1

Z7 30

1

7 1

145 58

Rover

Z

0

2

1

23

9

0

4

3

45

Combination

of Vehicles

0

5

4

7

1

0

0

0

0

0

17

IFour corollary experiments are not included. These experiments require

no support on lunar surface. See Table 5, " Experiment Summary Informa-

tion (SMS-ELE), p. 60.
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surface mobility support, including those which are performed in lunar orbit

and those which are performed exclusively in the shirtsleeve environment of

a lunar shelter. The "Walk" heading refers to requirements for on-foot

movement by a suited astronaut ranging from airlock egress/ingress to

kilometer-level movements across local lunar terrain. The "LSSM" heading

represents requirements for short-range, open-cabin mobility support within

a geological area of approximately 8-km radius. It also represents duration

requirements which can be satisfied by life support extension with additional

backpack(s). The "Rover" designation represents requirements for

mobility support by a closed-cabin, long-range surface vehicle encompassing

a spectrum of potential needs ranging from 100 to 1600 km, 14 to 90 days,

and 2 to 3 men. Mobility requirements for the deployment of a long-wave

radio telescope and a 100-inch horizontal telescope system are special

construction requirements and are discussed in Section 5.3. The require-

ments reflected in Table 6 include only those requirements in direct support

of each experiment.

It is important to note that the ground rules for specifying mobility

requirements were to indicate the lowest level of mobility required for the

performance of each experiment. As will be discussed in the following

text and under Astronaut/Vehicle Implications, the designated mode is not

necessarily the optimum approach. In general, the LSSM mobility require-

ments heading indicates an early exploration phase activity. However,

possible applications for the LSSM in extended exploration also are indicated

in the experiment compilation presented in Volume 5 {Appendix B) and in

the Experiment Descriptions Section in Volume 3. Requirements for the

larger surface vehicle of the Rover class imply investigations to be per-

formed in later phases of extended lunar exploration. The title "Combination

of Vehicles" as used in the Experiment Data System identifies mobility

requirements for local (LSSM-type) support in the early exploration phase

and then extension of the scope of the same experiments in the extended

exploration phases utilizing a Rover when available. This heading is also

employed in Table 6 . The only case where vehicles are defined as being

utilized simultaneously in "combination, " in the sense of "working together, "

is in the erection of the long-wave radio telescope.

Table 6 classified the mobility requirements specified in the Experi-

ment Summary Information Table 5 {Section 4.41 . These, in turn, are

based on the experiment Type-i card printouts in Volume 4 with the exception

of two experiments which were encoded as requiring a Flying Vehicle, but

summarized as "Flying Vehicle or Rover" to indicate alternatives, and

entered in Tables 6 and 7 as a "Rover" requirement.

Table 7 presents mobility requirements for experiment support in

terms of two alternate criteria, minimum mobility and the mobility capability
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which provides for the most effective performance of each experiment.

The "Minimum Mobility" portion was obtained by transferring the specified

"Combination of Vehicles" requirements to "LSSM" requirements. The

requirements for "Most Effective Mobility" have been derived by reviewing

each experiment individually and identifying the mobility mode for most

effective performance, either from the standpoint of efficiency of perform-

ance or scope of data to be derived. Under the latter criterion, the previous

"Combination of Vehicles" requirements logically are expressed as "Rover"

requirements. A detailed listing of experiments with "Minimum" and

"Most Effective" mobility requirements appears in Table 19 of Volume 3.

Table 7 Mobility Requirements Comparison

Discipline Area

Lunar Atmospheres

Geodesy

Geology

Geochemis try

Geophysics
Particles and Fields

Biology

Astronomy

Mission Support

Inve stigations 1

Miscellaneous Basic

and Applied Research

Totals 71

Minimum Mobility

None

Req'd Walk

0 2

2 0

2 4

14 0

I0 42

3 33

5 1

3 29

32 27

0 7

145

LSSM Rover

2 2

5 0

6 2

8 1

19 23

2 9

1 0

1 4

30 3

1 1

75 45

Most Effective

Mobility

Walk LSSM Rover

2 2 2

0 0 5

1 1 I0

0 1 8

37 21 26

30 2 12

0 1 1

26 4 4

18 22 20

5 3 1

119 57 89

iFour corollary experiments are not included. These experiments require no

support on lunar surface. See Table 5'_xperiment Summary Information

(SMS-ELE), " p. 60.

The collation and definition of investigations and experiments in this

study have been directed primarily toward defining the objectives, param-

eters, equipment support requirements, and experiment sequencing; the

study does not consider geographical distribution or mission scheduling in a

quantitative way; Consequentl_r, distance requirements beyond those desired

for a "Rover" class of vehicles are not derivable directly from this study.

Integration of experiments into alternate traverse missions is a recommended

future activity that can contribute to trade-off analyses. An additional
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consideration in such a study should be the number of repetitions of experi-

ments required at different locations representing different geological or

geophysical "units. " Such analysis would yield a more comprehensive

picture of experiment operations requiring advanced mobility support.

5.2. l Local Surface Mobility Support

The astronaut lunar capabilities discussed in the previous section

indicated excessive metabolic costs, and reduced walk and work capability

leading to a serious man-hour growth. Based on these data as well as on experi-

ment supportrequiremen£s defined in the experiment compilation, the review of

local mobility support requirements performed in this study indicates that in

addition to the normal function of a personnel and logistics carrier, the

vehicle should be considered as a prime component in experiment performance.

Man-machine integration should emphasize total mission effectiveness. The

study indicates that local surface mobility support is required to:

i. Extend the capability of the astronaut to safely negotiate varied

terrain

_0 Substantially reduce the time required for movement on the lunar

surface, whether the distance travelled is a few meters or

kilometer s

. Reduce astronaut fatigue by facilitating vehicle-seated low-energy

operations

. Extend the duration limits for astronaut surface operations by

reducing metabolic costs and supplying backup life support

5. Increase the allowable radius of local exploration (also strongly

dependent on suit)

6. Transport experiment and support equipment

1 Provide for mounting of equipment such as drill, sample

cassettes, penetrometer, ground-truth sensors, Jacobs

staff, explosives, and ESS components.

8. Provide subsystems support, such as power and data systems

. Support experiment performance by providing special aids and

restraints. Since the vehicle would be equipped with restraining

harnesses, potential experiment aids include a tilt-forward seat

to yield a restrained work position
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Table seven indicates 145 requirements for walking mode support and

75 requirements for LSSM-type mobility support based on a minimum

mobility criterion. For most effective performance of experiments, many

requirements are upgraded, resulting in a reduction of walking mode support

to 119 and of LSSM-type suploort to 57 (in favor of a Rover, if available).

5.2.2 Extended Surface Mobility

Long-range surface mobility will be required during extended lunar

exploration phases to satisfy the following lunar scientific objectives defined

by the National Academy of Sciences at Woods Hole, Mass. duringthe summer

of 1965.

"Investigations on the lunar surface are needed on at least three different

scales. The smallest features, ranging in size from near microscopic to

hundreds of meters, the fine structure of the lunar surface, can be studied

by men on foot during early Apollo landings. Very detailed investigations

of features at this scale and the processes by which they are produced may

require a small lunar base to sustain men over much longer periods of time

than is available during the early Apollo landings. To study features

ranging in size from one to many kilometers requires a vehicle to carry men

over these distances from the landed spacecraft. This is the scale on which

most of the contact relations of regional geologic units and mesoscale

structures, such as relatively large craters, faults, folds, and possible

igneous intrusions and volcanoes must be examined. Finally, surface

traverses of ten to hundreds of kilometers in length are required to examine

features of crustal and subplanetary dimensions, such as the basin and

surrounding mountain ring of Mare Imbrium and other circular maria. These

traverses are needed to obtain deep seismic reflection and refraction

profiles correlated with surface gravity measurements and geology. Such

traverses provide extensive opportunities to sample and study areal

variations in the regional geologic units."

Forty-five experiments in the present study specify a long-range

traverse capability. However, for most effective performance, the number

of experiments needing a Rover support capability is 89.

5.3 LUNAR SURFACE SCIENTIFIC OBSERVATORIES

Many of the fundamental experiments for extended lunar exploration

require facilities to be emplaced on the lunhr surface. Major facilities are

visualized to be used in support of astronomy experiments which are intended for
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long-duration occupancy on the order of many months to several years. In

order to define typical major support requirements, two scientific

observatory-type facilities were studied. One is a radio telescope system

for lunar long-wave radio astronomy; the second is an optical astronomy

observatory facility employing a 100-inch aperture telescope. Emphasis was

placed on packaging concepts compatible with launch vehicle payload

considerations and on deployment requirements after lunar landing.

Generally, packaging requirements are flexible and there appears to

be no special problem for either type of installation. Optical astronomy

will require special payload design. Deployment requirements can be satis-

fied by mission support equipment presently envisioned for the middle phases

of extended lunar exploration with the addition of special construction modules

attached to the longer-range roving vehicles.

5.3. i Lunar Long-Wave Radio Telescope

The lunar environment offers great potential for attainment of outstand-

ing performance of radio telescopes. The low surface temperature during

the lunar night, the potential utilization of the lunar back side as a shielded

environment, and anticipated advancements from future research programs

combine to offer the possibility of major gains in the study of the universe

at radio wavelengths. Operation at long wavelengths beyond those receivable

on Earth is desired to complement Earth-based radio astronomy. Appli-

cations would include resolving and locating galactic and extragalactic

sources--spiral arms, core and halo structures, supernova remnants,

gaseous nebulae, and very distant radio stars.

A preliminary design concept was developed for a long-wave radio

telescope for possible later application to a lunar radio astronomy observatory.

Weight, packaging, and deployment were briefly investigated for utilization

in the concurrent MIMOSA study.

Installation and initial operation of the long-wave radio telescope as a

major system in a lunar long-term radio astronomy observatory appears

feasible in the second half of the 1970's.

The concept is a broadband crossed array or Mills-Cross illustrated

in Figure 4 . The nominal design frequency is 1 MHz, corresponding to a

wavelength of 300 meters. The frequency range of 0.3 to 1 MHz is considered,

with possible extension to i0 MHz. A resolution in the neighborhood of at

least one square centimeter degree at 1 MHz is desired with sufficient separa-

tion between the interference fringes to avoid ambiguities in pointing,

identification, and measurements. To provide a l-degree resolution

capability at 1 MHz, an antenna baseline of 18 kilometers is required.
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The N-S and E-W arrays each contain 48 half-wave dipoles per array

cut for the center frequency of 1 IV[Hz. Each dipole is 150 meters long.

The twin-lead feeding each dipole is utilized as a tuned line or a folded

section of the antenna, depending on whether the antenna is operated above or

below the center frequency of 1 IV[Hz. The lower end of the twin-feed line is

connected to an antenna tuner and amplifier unit housed near the base of the

antenna tower. The N-S and E-W transmission lines are supported about

i0 meters above the ground. The antenna height tentatively shown at 30

meters, which is one-tenth of a wavelength at 1 IV[Hz, is rather close to the

lunar surface. For a ground having a conductivity in the neighborhood of

3 x 10 -4 mhos per meter, from reflectivity measurements of the Moon, the

proximity loss becomes substantial at and below 1 _V[Hz. To reduce this loss,

a ground screen or counterpoise of wires is required.

The 30-meter antenna towers are of telescoped design. Deployment

would be performed using a large roving vehicle equipped with light con-

struction support modules. Additional mobility consisting of a LSSM

operating as a surveying and support vehicle appears desirable.

The initial weight estimate for the complete interferometer system is

27, 500 pounds, or 12,500 kilograms.

A preliminary packaging concept for the long-wavelength radio observa-

tory was developed which shows that the radio telescope can be packaged in a

cylindrical section 78 inches high and 240 inches in diameter. By increasing

the cargo compartment to 144 inches, additional construction equipment and

a short-range surface mobility vehicle can be included.

The initial configuration of the proposed lunar-based radio astronomy

telescope should be "open-ended, " allowing for future extensions of the

antenna arrays for improving angular resolution and for measuring signal

polarization phenomena. Step-by-step improvements of the initial signal

processing and recording methods must be facilitated by the use of modular

circuit components with well-matched input and output impedance character-

istics and synchronized by a central clock system of sufficient accuracy.

The expected major phases in this growth would be operation of a

single-beam system, two-beam operation, large field recording technique,

and linear extension of the Mills-Cross array.

Resolution of a number of critical system parameters is required,

ranging from the choice of step-frequency or sweep-frequency receiving

and detection techniques to the height of dipoles. It is also required that

techniques be developed and proven leading to provision of self-extendable
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or erectable support towers for ease of field deployment. It is suggested

that techniques developed on Earth and refined in orbit be tested on the lunar

surface in an earlier mission. The beam width, unwanted side lobes, and

accuracy of pointing will all depend on the degree of correct alignment,

as well as on the constancy of the adjustment with the lunar environment

and the stability of the component parts. Therefore, it is required that

techniques be developed for calibration, adjustment, and phase alignment

of the antenna array and its component parts. This will be aided greatly by

the experimental erection and testing of a similar array on Earth.

5.3.2 100-1nch Telescope Concept

As a part of the major scientific equipment definition activities, a

concept of a 100-inch horizontal telescope developed under a previous con-

tract (Reference 7) was reviewed briefly. The review was directed primarily

toward providing performance, packaging and deployment, and support data.

The optical concept of the 100-inch horizontal telescope was suggested

previously by Dr. G.H. Herbig of the Lick Observatory (Reference 7). The

primary objective is to take advantage of unique features of lunar-basing

to maximize telescope performance so that major scientific returns can be

realized. To achieve this objective, the o]_tics must be diffraction-limited

for effective operation in the I000 to 1500 A region. An aperture of not less

than I00 inches is desired, for which the theoretical resolution is about

0.01 arc second.

Other conditions considered are:

l • To achieve this performance, the telescope must be designed to

feed fixed receivers that can be operated under shirtsleeve

conditions. Adequate radiation shielding for personnel must be

provided at the same time.

Z. The large optics and other critical components must be protected

from major thermal perturbations and from moving solid material

near the lunar surface.

. To the extent feasible, full advantage must be taken of the peculi-

arities of the lunar environment in departing from conventional

telescope design.

The original concept, modified for packaging considerations and shown

in Figure 5 , includes a 200-inch aperture optical flat siderostat in a pro-

tecting dome, a 100-inch aperture primary, a 12. 5-inch secondary mirror,

a long-focus reflecting grating, a rotating photographic film or plateholder,

and a photoelectric photometer. The 100-inch and iZ. 5-inch mirrors are
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off-axis portions of 240-inch and 30-inch mirrors, respectively, mounted

so that there is no obstruction of the primary mirror by the secorldary mirror.

In support of packaging and deployment, an analysis was made which

resulted in a reduction in size of the large movable dome and a shortening

of the tunnel with a corresponding decrease in payload weight. The dome

was reduced to 356 inches O. D. for packaging in a 396-inch O. D. payload

concept. Also, the siderostat and dome were moved toward the primary,

displacing some 28 feet of light tunnel. Overall length is 37 meters (128 feet)

and delivered weight is 18,000 kilograms (39, 500 pounds). Packaging and

deployment studies have shown that the telescope components can be delivered

in two payloads of 240-inch I. D. , or in a single advanced payload of

356-inch I. D.
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6.0 EXPERIMENT DATA MANAGEMENT SYSTEM AND

EXPERIMENT SEQUENCE FORMULATION

6. i EXPERIMENT DATA MANAGEMENT SYSTEM

6.1.i Description

The data management system basically consists of the entry of numer-

ical and text data relative to a given scientific experiment in a format suitable

for processing and sorting of the data on a digital computer system. Prelim-

inary analysis of the operations involved and the extended lunar exploration

summaries desired indicated that the program would resemble business-type

computer operations, in which bookkeeping is a major factor, rather than

scientific computer capabilities, in which solutions to mathematical equations

are the objective. Consequently, the COBOL computer language and IBM

7010 computer were selected as the basic working tools of the experiment

data management system.

6. i. Z Experiment Coding

Suitable codes were selected to allow scientific and engineering per-

sonnel to describe or to retrieve experiment information in terms of mission

system constraints, subsystem support, and equipment performance require-

ments. These data have been stored on a series of standard IBM cards

summarizing the essential characteristics of each experiment. A flexible

computer data retrieval-documentation program has been developed which

provides a wide variety of printed output displays for mission planners and

systems engineers. These outputs have been organized to provide high-

v_Lsibility data for systems analysis and management decision-making func-

tions. The resultant data handling system also includes simple provisions

for continual updating and maintenance of the data bank and for capacity to

accommodate anticipated future growth.

An 1 l-digit number has been adopted to facilitate sorting of the data

and identification of the experiments {Figure 6). The first three digits define

the card type and card number (for multiple cards that must be sorted and

printed in sequence). The remaining eight digits represent the basic experi-

ment number by which all data cards can be correlated. The data have been

organized so that either complete experiment descriptions or selected out-

puts can be retrieved at the discretion of the user. Seven types of data cards

are being used. An important feature of the system is the ability to pro-

duce complete typewritten descriptions of the experiment and equipment,
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thereby providing documentation of important information that could not

otherwise be encoded. As shown in Figure 6, all experiments have been

organized into eight discipline areas of Fundamental Investigations, a single

area of Mission Support Investigations, and an area of Miscellaneous Basic

and Applied Research Investigations. Scientific objectives and major

specialties have also been defined for each area to correlate related scientific

investigations. The last four digits designate major investigations and

experiments that support the investigations. Flexibility provided to accom-

modate anticipated future growth includes card information growth capacity,

as in the Type-6 card, and the capability of incorporating new card types.

6.1.3 Card Description

The basic data entry cards were designated as Type-0 cards (experi-

ment description), Type-I cards (experiment summary), Type-2 cards

(experiment operations), Type-3 cards (experiment man-hour categories),

Type-4 cards (experiment equipment parameters), Type-5 cards (equipment

description), and Type-6 cards (experiment telemetry requirements).

The following paragraphs present brief descriptions of the data-entry cards

along with a tabular decoded listing of typed information. The descriptions

are based on a typical Particles and Fields experiment. In actual use, the

field information is coded to reduce the number of cards to be processed and

the amount of data storage facilities required. A typical encoded format

is given in Figure 14.

6.1.3.1 Experiment Description

The Type-0 card (Figure 7) provides a written description of each

experiment that generally describes the objective of the experiment and the

phenomena to be measured. In addition, unique requirements or relation-

ships are also provided that are difficult to encode.

6. i. 3.2 Experiment Summary

The Type-i card (Figure 8) is an experiment summary produced by

the computer from information stored on other data cards. Primary empha-

sis is placed on data which affects mission system trade-offs. Therefore,

data are included for experiment location, mobility requirements, explora-

tion phasing, and chronological time. In addition, codes have been provided

to define scientific importance and urgency for priority sequencing. Mission

support requirements have been defined in terms of number of men, crew

skill, man-hours, and equipment support parameters. Equipment leadtime
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data are presented for the pacing item in the equipment set in terms of data

for development status, development time, and earliest year available.

Estimated development cost and first item cost are presented in the

summary to provide budget guidelines for mis sion planner s.

6. I. 3.3 Experiment Operation

The Type-2 card (Figure 9) provides major information concerning

experiment operations and mission support requirements. The major

portion of this information is abstracted on the summary card. In addition,

this card provides data to define experiment replication, gross communi-

cation requirements in terms of the total bits of information, bit rate, and

the type of data link. Provisions have also been included on the operations

card for compilation of a "relative experiment cost factor" which has not

been defined as yet but which is based in general on the conversion of mass,

volume, power, and man-hours into equivalent equipment dollars. These

data, when available, will provide mission planners with guidelines for

comparison of scientific investigations on an equivalent cost basis.

6.1.3.4 Operations Man-Hours

The Type-3 card (Figure I0) provides detailed estimates of astronaut

man-hours to set up, operate, analyze, and tear down the instrumentation or

equipment necessary to support an experiment. The man-hour estimates

are differentiated for shirtsleeve and spacesuit conditions while the astronaut

is operating from a roving vehicle or from a lunar base. These time

estimates can be used by mission planners to evaluate logistic requirements

for astronaut support systems. All of the times are given in terms of

normal Earth shirtsleeve environment. To obtain actual lunar suit time, a

"K" factor must be used. (Section 5. 1 gives further explanation.) An

average "K" factor of 3 is recommended, based on the best lunar-suit data

pr es ently available.

6. I. 3.5 Experiment Equipment

The Type-4 card (Figure Ii) is used to define the equipment require-

ments directly related to an experiment. In addition to the basic experiment

number, all instruments or equipment have been identified by a six-digit

numerical code based on the "Guide to Scientific Instruments" as developed

by Science Magazine. This feature allows machine sorting to identify

commonality and time-sharing of equipment to optimize mission logistics.

The output format displays multiple cards for each item of different

equipment. Data are provided concerning equipment location, parameter

range and precision, and support-requirement parameters (mass, volume,

power, data sample return, environmental constraints). These data cards

are compiled cumulatively by the computer to produce the experiment

summary.
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6. I. 3.6 Equipment Description

The Type-5 card (Figure IZ) is essentially a supplement that provides

a written description of the equipment, with up to 99 cards available to

define the requirements for new equipment or data not otherwise encodable.

The first card in the series contains development status and cost data for

the particular instrument or item of equipment.

6. I. 3.7 Equipment Telemetry Requirements

The Type-6 (Figure 13) card represents a capability of the experiment

data management system to provide detailed information for specific sub-

systems that are critical for experiment support requirements of the overall

base system. It contains telemetry requirements information relating to

baseline equipment used in a given lunar experiment if such equipment

has a distinct telemetry output. The same equipment may be used in several

experiments; however, only one entry is currently provided. An equipment

commonality matrix provided in the report may be consulted or the IBM

cards may be sorted by equipment number to aid in approximating the

total telemetry requirements for an experiment. It should be noted that

the information currently provided on these cards is very preliminary in

nature due to the development status of the equipment.

6. i. 3.8 Printout Format

Figure 14 shows the actual printout format for Type-0 cards thru

Type-6 cards. The printouts are presented in Volume 5, Appendix B,

this report.

of

6. i. 4 Capability of Data Management System

The SMS-ELE data management system can be used in many ways

after the required experiment information is available for a variety of

proposed space mission experiments.

6. I. 4.1 Data Management System Updating

The revision or updating procedure is a feature of the data manage-

ment system which has already been used in the study. This feature allows

changes of data on the computer program master tape without the necessity

of rerunning the entire punched card input file. Corrected card files can be

generated directly from the updated tape when the punched card file revision

is desirable. In the present study, this data file is on the order of 8000

punched cards to describe the 340 experiments compiled in this study.
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Revising data within an existing data card is accomplished simply by

identifying the experiment and card number and then entering the revised

data on only the data field of the card being changed. All of the updating

procedures require processing of a new punched card for each addition or

change to be accomplished, but the amount of data coding and processing is

kept to a minimum by the developed procedures. The correction cards are

simply added to the next run of additions to the master data tape; the com-

puter searches the tape for the card identification number and transfers the

desired corrections to the tape which is then ready for use on the next

program run.

The deletion of an experiment requires manual removal of the applicable

data input cards from the input card decks and then reconstruction of the data

input tape.

6. 1.4. 2 Miscellaneous Uses - Data Management System

In addition to those programs directly utilized in this study, auxiliary

programs can be written to search, select, and compile data in a variety of

ways. Several of these operations and their results are illustrated in the

Detailed Technical Report (Volume 3). In addition, any of the data fields

can be made the basis for special listings. For example, the mobility,

requirement column of either the Type-1 summary card or the Type-2 opera-

tions card, can be made the basis for a search and listing to identify all the

proposed lunar experiments for which the use of a small roving vehicle was

recommended. With the capability to search, select, and compile data,

inherent in the data management system, the mission planner is provided

with the implements necessary to introduce specific system capability with

respect to scientific missions. Specifically, he may applz a constraint for

every data field represented in the data management system. By applying

sequential card sorting, the planner may utilize any combination of con-

straints. In this manner a scientific mission capability of a given system

can be defined if the system constraints associated with the specific system

or concept can be defined.

6. i. 4.3 Potential Applications

The potential applications of the system can best be illustrated by citing

the growth of the computer data retrieval program to its present configuration.

As originally conceived, the program was primarily intended for use in

developing system and operation-support requirements tradeoffs for lunar

exploration mission and system concepts. This need was satisfied initially

by the Type-i card information; however, when more information was

needed concerning the activities of the lunar base crew, Type-Z and -3 cards
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were added. At this point, the information satisfied the immediate require-

ments, but to be most effective, such a computer data retrieval program

should also be able to accommodate the mission planner's future need for

information. This means that the data retrieval program must be at least

one generation of study activity ahead of the system studies. Therefore,

Information Card Types-4, -5, and -6 were added. The near-future expan-

sion requirements could include detailed subsystem information regarding

life support subsystems, lunar spacesuit, power, mobility, etc. These

requirements can be satis{ied by the addition of Card Types -7, -8, etc.

6. i. 4.4 Conclusion

The most significant result of the computer data retrieval program

is the establishment of a flexible and expandable information storage and

retrieval system that can be used as a management tool for lunar explora-

tion and mission support planning. This system is dynamic in nature; it

has the ability to grow and change and, thereby, adapt to the future require-

ments relating to the scientific exploration of the Moon.

6.2 EXPERIMENT SEQUENCING

To better understand the scientific mission support needs and to aid

in the development of future lunar exploration systems, experiment sequences

were formulated utilizing the information contained in the experiment data

management system. (See Volume 4, Appendix A, Experiment Sequences. )

Lunar exploration planning requires the organization of scientific experi-

ments and investigations into logical order and groups so that maximum

advantage can be taken of the amount of equipment and man-hours available

on the lunar surface during any particular period. For the results to be of

maximum use, mission planning must consider individual experiments and

their related support requirements, as well as the relationship between

experiments within and across various scientific disciplines, taking advantage

of common equipment use or similar mission support requirements for a

more efficient operation.

Four sequences of experiments were generated during the study:

Discipline Sequences, Mission Support Sequences, Exploration Phase

Sequences, and Composite Sequences. Figure 15 illustrates the experi-

ment sequence formulation.

6. 2. 1 Discipline Sequences

The Discipline Sequences order experiments within a given discipline,

in terms of a logical sequence of scientific accomplishment. These sequences

were compiled within the guidelines developed by the scientific community
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and by NASA. The Discipline Sequence formed a basis upon which the suc-

ceeding sequences were developed. The location of an experiment within a

discipline sequence is referred to as the order of the experiment.

6.2. 2 Mission Support Sequences

The Mission Support Sequences were formulated by listing experiments

within a given discipline area by ascending mission support requirements,

such as equipment mass, energy, and man-hours. They were developed not

only as an aid to the mission planner but as a basis for further sequence

development. These sequences can be used to determine various combinations

of mass to make up a payload, various energy combinations that are within

the capability of a given energy source, and groupings of experiments per-

formed within a specified stay time on the lunar surface. They were also

used to investigate the continuity of mission support parameters and deter-

mine exploration phasing criteria. Mission Support Sequences are presented

in Volume 4, Appendix B.

6. 2. 3 Exploration Phase Sequences

Exploration Phase Sequences were formulated to identify logical phas-

ing of lunar exploration by scientific discipline and to identify the support

capability requirements of each phase. Exploration Phase Sequences are

presented in Volume 4 of this report.

A methodology requiring two iterations, utilizing the Discipline

Sequences with the additional mission support considerations, was employed

to develop the Exploration Phase Sequences. Mission support requirements,

such as mass and energy, were plotted versus experiment sequencing as

determined by the Discipline Sequences to ascertain continuity of these

parameters and assess potential phasing criteria for each discipline. This

is illustrated by Figure 16, which is an actual plot related to the Particles

and Fields discipline area. If a point was found that was apparently out of

trend, indicating requirements logically fitting later in the order, the experi-

ment and related subsequent experiments were reviewed. If the experiment

had no other experiment depending on it and appeared to be independent within

the Discipline Sequence, the ordering was modified so that the experiment

took place at a more logical point with respect to mission support require-

ments. In some cases, the experiment could not be moved without making

it meaningless or without moving a whole series of subsequent experiments.

In these cases, the analysis usually indicated whether the experiment should

start a new phase with the capability to support it, or whether the experiment

should perhaps be modified to reduce its requirement for support. Orbital

experiments were kept in their original sequence in all cases. The analysis

of the diagrams of the mis sion support requirements of the Di scipline Sequences
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yields the first visualization of exploration phased activity. This analysis

provided insight into levels of system support requirements. In some cases,

several levels of support requirements were indicated. The breaks in levels

are indicative of a change in support requirements, indicating a possible

upgrading and modification of existing systems or the possibility of a new

system for the particular discipline under consideration.

The primary phasing criteria established for the first iteration were

mass and energy. Figure 17 represents the results of the first iteration

for the energy parameter. This figure was obtained by superimposing energy

requirements plotted versus experiment sequencing for each discipline area

(similar to Figure 16). Natural breaks or plateaus were then identified as

phase breaks. The second iteration was based on general criteria including

man-hours, mobility requirements, power packages, and number of men.

The two iterations resulted in the definition of the exploration phases and

the assignment of the experiments of each discipline to the phases.

As a result of this sequencing effort, five exploration phases (A, B,
• _F_I_ _ "C, D, and El, were ident_f_e_,..... and are .... marlzed _,,;__,_I_ 8. _^,=== A is

generally consistent with the Apollo initial lunar landings. Phase B appears

to be within the general system capability of the Apollo Applications Program

(AAP) as it is now visualized and can be considered as early lunar exploration.

Phase C experiment requirements appear to warrant lunar surface stay

times on the order of several months, with extended mobility capability, and

represents atransition to extended lunar exploration. Phase D experiments

primarily require stay times of about 6 months to one year. For Phase E

experiments, stay times of several years (2 to I0), appear to be desirable.

These latter two phases represented extended lunar exploration and

exploitation.

The number of experiments within each phase is summarized by

discipline area in Table 9. The increasing capability of each phase is

illustrated in terms of mass and energy.

By the end of Phase B, most discipline areas have reached their peak

rate of experiment performance. Sixty percent of the lunar-oriented

experiments can be accomplished. Phase C provides the capability of

performing almost eighty percent of the experiments by number. The experi-

ments requiring Phase D and E caDabilities are the long-term experiments

of Geophysics, Particles and Fields, and the Astronomy experiments.

The Astronomy experiments include ultimately a large telescope with an

aperture on the order of i00 inches. Such a telescope requires logistic

payload capabilities of approximately 40,000 pounds, if it is desired to

utilize only one payload. However, the telescope may be shipped to the

lunar surface in two smaller payloads and deployed on the lunar surface

during Phase D.
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6.2.4 Composite Sequence Formulation and Evolutionary Experiment

Programs

The Composite Sequences were established in two steps of increasing

operational detail. The experiments of each Exploration Phase were

grouped according to the following four experiment - location categories:

"in lunar orbit, " "on traverse, " "at base," and "both base and traverse."

Within each of these four categories, the experiments were furthe_r

sorted into subgroups according to common key operational factors,

including among others the following operations and subsystems: "drilling,"

"sampling," "emplace and monitor," "telescope," "laboratory-analytical, "

"radio and radar," etc.

If several experiments from the same discipline area were associated

with a given key operational factor, they were ordered with respect to each

other according to the corresponding Discipline Sequences. No attempt was

made to establish experiment priorities across disciplines within each of

these subgroups.

l_ey experinlents included in Discipline Areas 8 and 9 were identified

for each common factor group. These experiments, while not fundamental

in nature, need to be performed to obtain data essential for the development

of more complex equipment required by experiments in the later phases.

They should be performed sufficiently early to permit adequate lead times

for possible modification of proposed equipment and/or techniques.

By examining the evolution of experiments associated with a common

factor across several phases it is possible to obtain an integrated overview

of an experimental program.

The groupings of experiments by common operational factors greatly

facilitates mission planning, as it enables the formulation of convenient

packages of experiments that can be readily assembled into missions.

These groupings are presented in Volumes 3 and 4 of the final report.
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7.0 EARTH RESOURCE REQUIREMENTS, CONTINGENCY PLANNING,
AND EXPLORATION PROGRAM FACTORS

7. 1 EARTH-BASED SCIENTIFIC SUPPORT REQUIREMENTS

Earth support requirements of extended lunar exploration relate to all

Earth operations that support the missions and include a spectrum from

logistics to flight control. This study has restricted its scope to the scien-

tific support requirements necessary to analyze returned data. The primary

requirements considered were for scientists, technicians, and laboratories.

Sensitivity analysis indicated that the requirement for scientists was

most critical to the experiments and their returned data and, consequently,

to the accomplishment of scientific objectives. Estimates and forecasts

of scientists were made as conservative as possible because of unknown

factors such as war possibility; major economic change; international plans

for lunar exploration; military plans for lunar utilization; concurrent NASA

plans; scientific advancements that may radically change our knowledge of

the lunar surface; quantum increases in engineering and technology capability

that may make obsolete our current vehicle, logistics, communications and

transportation concepts, or the number of replications of experiments

presently considered to be sufficient for mission and total investigation

acc omplishm ent.

A wide variety of assumptions was employed. One of these was that

all raw instrument data will be telemetered to Earth for analysis. Other

typical assumptions dealt with the number of samples per pound of Earth-

returned mass (related to experimental data)and the time to analyze and

report each sample, the number of repetitions of experiments per mission

per evaluation phase, and an estimate of the time span which the lunar

program of interest here would cover.

Scientist requirements and availability were forecast, indicating

a shortage at the beginning of the program which would tend to increase

throughout the first three phases. This shortage could create a backlog of

data that might jeopardize the program. The long training needed to develop

scientists, create interest, and channel activities makes this time critical.

Technicians required to support the scientists include microscope

analysts, chemical laboratory assistants, computer programmers, etc.

The short training requirement of technicians will allow development of
a sufficient number with minimum lead time and cost.
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Engineer availability is expected to be sufficient to support the require-

ments associated with the scientific and engineering experimentation.

Laboratory requirements were developed for each phase. This develop-

ment shows a requirement for more than seven million square feet of new

laboratory space by the end of Phase D to support extended lunar exploration.

At the maximum laboratory costs and development tithes, the impact would

be small compared with the program costs and scientist development time.

It would appear that if the program can be financed, the laboratories can be

also; and if scientists are trained and available, the laboratories should be

available.

The total Earth support required for extended lunar exploration includes

the items analyzed in this report but is not limited to the evaluation of return

data. It imposes scientific and technological requirements that hold pro-

found implications in the socioeconomic field. For these reasons, additional

effort should be expended for a full synthesis of the requirements relative to

budget, economics, politics, and geopolitical considerations.

7.2 CONTINGENCY PLANNING

The experiments presented in this report are based on the current

understanding of the Moon. Unexpected phenomena will most certainly be

discovered which may disprove present major theories and aid in the formu-

lation and the proving of new theories. These possibilities are defined as

contingencies. It is beyond the scope of this study to analyze the possibilities

for various contingencies since by their nature they are unexpected. However,

mission planners must be able to respond quickly and positively to unexpected

phenomena. Therefore in the formulation of the experiment data manage-

ment system and the methods by which the experiment sequencers were put

together allowance was made for contingency possibilities.

Three types of contingencies that could substantially alter the lunar

exploration experiments or their sequences were examined. These were:

i) those that would change the sequencing of experiments, 2) those that

would require a change in emphasis among the list of experiments and

3) those that would alter the capability of proposed installations on the

lunar surface. Table I0 presents a list of typical contingency examples

and their probable effect on the lunar exploration program.

7. 3 RELATION TO PLANETARY EXPLORATION

The National space program already incorporates phased development

of Earth orbital, lunar, and interplanetary exploration capabilities. Each

phase of the program should be expected to utilize, to the greatest extent

feasible, the scientific, technological, hardware, operations and other

support capabilities developed in the preceding programs. Continued

- 10Z-
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application of this step-by-step development through advanced lunar and

interplanetary missions will contribute to the continuation of the high degree

of success achieved in the manned missions flown to date. As a consequence,

manned planetary exploration may become the next major space goal after

lunar exploration.

The development of space science and technology for manned Earth

orbital, lunar orbital, and lunar surface exploration missions is expected

to bring experiment equipment and support system capabilities generally

within reach of planetary mission requirements. In many surface exploration

equipments, the more severe thermal-vacuum lunar environment may well

be governing. In supporting systerns, commonality of support requirements

for extended-duration lunar exploration and manned planetary exploration

missions encourages consideration of commonality of technology and hardware.

Review of scientific objectives of planetary missions shows broad

similarities with those of lunar exploration. Table 1 llists typical scientific

objectives of planetary flyby missions. This list was derived from a com-

pilation prepared in an earlier flyby study (Reference 8); the compilation

..... _---_ -- bj

members of the scientific community, and results of other studies of

interplanetary missions.

Comparison of planetary missions with lunar scientific experiments

and investigations compiled in this study indicates that scientific experiment

objectives, experiment techniques, and equipment developed for and proven

in extended lunar exploration will provide major advantages and support to

planetary exploration.

The life sciences will be a priority area in planetary exploration. All

disciplines, i.e., exobiology, biomedical and human factors, andlifesupport,

are critical to mission success. In lunar mission support, the "Biological

Contamination of Lunar Soil" investigation provides an assessment of plane-

tary life detection techniques and investigates survivability of ]Earth

organisms. The lunar applied biomedical and human factors investigations

generally concern astronaut performance in a reduced gravity environment

and astronaut physiological and psychological adaptation in prolonged

missions, which are highly significant considerations for manned planetary

missions. Life support applied research is directed toward the advancement

of closed ecological system technology and assessment of the biological

effects of prolonged exposure to the lunar environment. Consideration should

be given in the detailed formulation of these investigations to the assurance

of major applicability, as well as to planetary mission support requirements.
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Table 1 i. Typical Scientific Objectives of Planetary Flyby Missions

(Reference 8)

Discipline Area Scientific Objectives (Typical)

Geodesy

Geology and

Geochemistry

Geophysic s

Atmosphere

Particles and Fields

Biology

Astronomy

Mars Satellites

Asteroids

Figure of planet

Surface maps

Gravitational field

Surface relief and photogeology

Surf$ce physical state

Surface composition

Magnetic field

Trapped radiation spectrum

Effect of phobos on magnetosphere

Heat balance

Surface temperature

Surface radioactivity

Soil thermal and electrical conductivity

Seismic activity

Meteoroid mass, velocity, and composition

Atmospheric composition

Atmospheric pressure, density,

Sound velocity

Ion, electron density

and temperature

Solar wind protons

Solar high-energy protons,

Galactic protons

electrons, alphas

Life form s

Planetary radio emission

Radio reflectivity

Satellite figures, rotation periods

Satellite relief, surface temperatures

Asteroid figures, rotation periods

Asteroid relief, surface temperature
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Lunar investigations in support of the geosciences Will also support

Mars exploration technology and, in some cases, probably will have Mars

mission counterparts. "Lunar Geological-Geochemical Sample Cassettes,"

"Explosive Energy Coupling in Lunar Materials and Calibration of Remote-

Sensing Techniques, " are examples of these investigations.

From the standpoint of technology, many of the Mission Support Inves-

tigations defined in this study will provide direct or indirect support to

hardware development and mission planning for planetary exploration. For

example, certification of proposed manned landing sites will have to be

performed from Mars orbit. Therefore, correlation with the "Topography

of Proposed AAP ELM Landing Sites" investigation is indicated. Experiment

techniques and equipment for the "Engineering Properties of the Lunar

Surface" investigation appear applicable to similar necessary investigations

of the surface of Mars.

Manned exploration missions to Mars will nominally be on the order of

400 to 700 days duration. A major portion of this time will be spent in

transfer from Earth to Mars and the return transfer from Mars to Earth.

Support of the crew during these periods "will be centered in a mission n_odule

of the interplanetary spacecraft. A crew of six has been considered nominal

for this mission. For manned exploration performed from Mars, a Mars

excursion module and other exploration support equipment will be utilized.

Surface exploration, to be most effective, will require roving operations to

the extent feasible. Complementary investigations would be performed con-

currently from the mission module while in orbit about Mars.

In the supporting technologies area, materials research in the hard

lunar vacuum, and repair, construction, and maintenance techniques

developed in support of extended lunar missions should be broadly applicable

to the critical problem of ensuring equipment availability and mission

success in manned planetary exploration.

In view of the relative remoteness of Mars, the potential utilization of

Martian resources will be of special interest in planning the long-term

manned space program. Consequently, resources exploration and exploita-

tion techniques developed for and during extended lunar exploration should

be significant to planetary exploration and development.

Thus, the lunar exploration program should be considered not only as

a means of achieving intrinsic objectives but as a vital step in an evolutionary

long-range space exploration program.
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